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I ADDRESS TO SIR CHARLES WOOD, BART, SECRETARY OE 

STATE FOR IMA. 


x 

It is not without a lively sense of the great difficulties of the work we have 
undertaken, that we endeavour, in the following volumes, to present the results of the 
scientific mission with which we were entrusted in the years 1854-8. 

The flattering interest which His Majesty, Frederick William IV., King of Prussia, 
so emine nt a patron and protector of science and art, graciously condescended to take 
in our former researches, on the physical geography and the geology of the Alps, 
gave the first impulse which resulted in our mission to India. 

It was in February, 1854, when our late friend, Baron Humboldt, and the 
distinguished Prussian Minister, Baron Bunsen, then at London, officially communi- 
cated His Majesty’s intentions to the Court of Directors of the East India Company. 
Soon after this, our late brother, Adolphe, left Munich for London, where he received 
from Baron Cetto, the Bavarian Minister, the kindest reception, who gave him at the 
same time most valuable advice in furtherance of our plans. 

Supported by the energetic assistance of Colonel Sykes, on the part of the Court 
of Directors, and of General Sabine and Sir Roderick Murchison, on the part of the 
Royal Society, all the official arrangements were made without any delay. 

One of the chief objects of our researches was the completion of the Magnetic 
Survey of India, which had been commenced in 1846 by the late Captain Elliot, in 
the Eastern Archipelago. 1 At the same time, in consequence of the high interest, 
evinced in science by the distinguished Court then at the head of Indian affairs, our 
mission assumed a very general and extensive character. 


1 Magnetic Survey of the Eastern Archipelago, by Captain 0. M. Elliot. Philosophical Transactions, 1851. 
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On the 20th of September, 1854, we left England, under conditions most favour- 
able for the researches with which we had the honour to be charged, and we arrived 
in Bombay on the 26th October, 1854. In India, as in England, every official assistance 
was most kindly given to us, and we found ourselves liberally provided with the 
necessary orders to the respective civil and military authorities, and with diplomatic 
introductions to the Courts of the Native States. 1 2 These documents were of the most 
essential importance in enabling us to extend our mission into countries, which, other- 
wise, we could never have hoped to reach, and which, indeed, were far beyond the 
limits of our original intention. 

Notwithstanding, in the independent territories north of the Himal aya, and espe- 
cially amongst tribes whose hostile disposition often obliged us to travel in disguise 
and conceal our instruments, our progress was not without many and unexpected 
difficulties — difficulties which most unhappily ended in the lamentable death of our 
dear brother, Adolphe, who was killed at Kashgar, in August, 1857. 3 

We met on our way home in Egypt, Hermann having come down from Tibet, by 
the easterly route, via Calcutta, Robert by the westerly route, via Bombay. We arrived 
at Trieste on the 8th of June, 1857. 

Our assistants had been allowed by the Government to continue their obser- 
vations in the special branches of physical geography until March, 1858. To about 
this date also extends the information received from those of our brother’s establish- 
ment, who returned after his death, from Turkistan. 3 

1 Lord Dalliousie and Lord Canning at Calcutta, Lord Harris at Madras, and Lord Elphinstono at Bombay, 
most materially contributed to the uninterrupted aud successful progress of our observations by their never failing 
official assistance. 

We are also indebted to tbe numerous friends, met with during our travels in, India, for much valuable advice, 
support, and scientific information. Amongst others we may mention Sir John Lawrence and Lord W. Hay, in the Panjab 
and the Himalaya, Colonel Waugh and Major Thuillier, in Calcutta, and the Honourable Walter Elliot, in Madras, and 
though we must refrain in this place from completing the list of names, we shall gladly avail ourselves of the many 
opportunities which will occur in the course of our work for mentioning them in connection with the objects of our 
researches. 

2 See No. III. of the General Introductory Reports. 

A • Duril1 ^ our travels “Reports on the proceedings of the Officers engaged in the Magnetic Survey of India” 
were from time to time forwarded by us to the Government, who ordered them to be printed. With the exception 

of the last Report, they were all written upon the inarch, and contain but the general outlines of the routes 
followed and of the objects observed. 

Tbeir titles are: 
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II. 

Upon our return to Europe, the working out of our scientific materials, and their 
publication, was immediately commenced. The kind assistance which we were fortunate 
enough to receive from Lord Stanley, then Secretary of State for India, greatly 
facilitated the preliminary preparations for our intended work. 

It was not without some anxiety in reference to the results we might obtain, 
that we took in hand the elaboration of our various observations; but though we 
often found many difficulties presented by the intimate and complicated connection 
of the various physical laws in nature, yet the progress of our labours, of which we 
here present the first volume, has, if we may venture an opinion, developed results, 
for which we may hope to find an indulgent reception. 

It lias been a circumstance peculiarly encouraging that Her Majesty, your most 
gracious Sovereign, has been pleased to confer upon ns the high honour of accepting 
the dedication of the artistic parts of our publications. This portion of our work 
consists of an Atlas in three folio volumes (containing 80 views and panoramas, 
and from 20 to 30 maps and profiles), and also of a plastic series of 275 ethno- 
graphical heads. 

Our scientific publications, in eight quarto volumes, contain the details of the 
observations, together with the general results which we endeavoured to obtain by 
the comparative and mutual application of the related branches in physical science 
and natural history, our principal object being to present a general physical tableau 
of the various countries explored. 


1. Observations made during the sea voyage from Southampton to Bombay, by Hermann, Adolphe, and Robert. 

2, Bombay to Madras, through Southern India, by Hermann, Adolplie, and Robert. These two Reports were 
published in Madras, May, 1855, and reprinted in Calcutta, June, 1855. 

Sikkim, Khassia Hills, and Assam, by Hermann. Calcutta, February, 1856. 

4. Kiimaon, Tibet, and Grtirhval, by Adolphe and Robert. Agra, December,, 1855. 

5. Upper Assam, Bhutan, and Bengal, by Hermann. Lahor, 1856. 

6. Central India, Madras Presidency, and Nilgiris, by Adolphe. Labor, 1856. 

7. Central India and North West Provinces, by Robert. Lahdr, 1856. 

8. Ladak and Turkistan, by Hermann and Robert. Agra, 1857. 

% 

9. Western Himalaya and Balti, by Adolplie. Labor, 1857. 

10. Punjab, through Sindh, to Bombay, by Robert. Calcutta, 1857. 

11. On the last journeys and death of Adolphe, by Hermann and Robert. Berlin, 1859. 
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To these volumes will be added another descriptive one, forming No. 9 of the series. 

This will not be a narrative of the travels in their chronological order, such being 

given in the first volume 1 in a condensed tabular form, but, on the contrary, a general 

and comparative representation of what we consider to be the characteristics of the 

natural scenery of the different regions examined. 2 * * * * * 

* • 

The area over which our operations were carried on, every facility being given 
us to follow independently different routes as often as circumstances allowed it, was 
extended from Ceylon to Kashgar in Turkistan (Lat. N. 6° to Lat. N. 38°), and 
from Sindh to Assam (Long. E. Gfr. 67° to 95°); and all along these various routes 
we were enabled to collect, in addition to our own observations, materials very 
valuable for the work we had to publish. 

in. 

In working out our observations, the well known labours of numerous scientific 
predecessors 8 have proved of the greatest importance to us. 

The materials collected by us are comprised under the following heads: 

A. MANX! SCRIPTS, DRAWINGS, MAPS. 

1. 45 manuscript volumes, containing the observations made by ourselves and 
our respective establishments. 

2. 172 unreduced stations of meteorological observations, part of which were 
made previously to our arrival in India, and communicated to us, at our request, by 
the Government. 

1 See No. II. of the General Introductory Reports. 

2 The titles of the nine volumes are : 

I. Astronomical and Magnetic Observations. 

II. Hypsometiy, Barometrical and Trigonometrical Observations. 

III. Topical Geography , and Route Book of the Himalaya and Tibet. 

IV. <fc Y. Meteorology and Climate in general. 

VI. Geology. 

VII. Botany and Zoology , particularly with reference to geographical distribution. 

VIII. Ethnography , comparative researches based on measurements, casts, and photographs. . 

IX. Geographical Aspects of India, the Himalaya, Tibet, and Turkistan. 

:i Amongst many others, who have laboured in the various branches of physical geography and ethnography, 
are to be named: Buist, Cautley, Cunningham, Eastwick, Elliot, Everest, Falconer, Gerard, Griffith, Hodgson, Hooker, 
Latham, Oldham, Prinsep, Thomson, the Stracheys, Sykes, Thuillier, Waugh, and Wilson. 
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3. 750 views and panoramas by Hermann and Adolphe, including . some photo- 
graphs of landscapes by Robert. 

4. Various maps and profiles in connection with the geological and geographical 
observations. 1 

B. COLLECTIONS. 

a. GEOLOGY AND NATURAL HISTORY. 

1. The Geological CoUect-ions consist of about 2000 specimens of rocks and fossils, 
and of 1400 specimens of soils and deposits now filled in glass cylinders. The setting 
up of the latter, which are in the museum of the India House, is now nearly com- 
plete, and the labelling and arrangement of the remaining part of the collection is in 
active progress. 

2. 'flic Hcrbatmm was formed principally with a view to represent the geo- 
graphical distribution of plants, and is particularly complete tor Tibet, from Crnari 
Khorsum to Hasdra, and for the routes from Laddie to Turkistan. 

;■{. The Zoohujical GoUetihme contain skeletons, skins, and animals preserved in 
spirits of wine, many of which are already placed in the India House 'museum. 


b. ETHNOGRAPHY. 

In illustration of this branch of science wo have collected various articles of 
native dress, manufactures and weaving, 351 specimens of which have been delivered 
to the India House museum, whose ethnographical collection for the Eastern Empire 
is unrivalled in Europe. The more important portion, however, consists, besides the 
skulls and skeletons, and numerous photographs, of a collection of 275 facial casts and 
38 casts of hands and feet. 

The complete scries, published in metallic casts since May, 1859, by J. A. Barth, 
at Leipzig, is in. the sculpture room of the India House. 

Wo particularly mention our obligations to the late Dr. Horsfield, and also to 
Dr. Eorbes Watson, the present superintendent, tor their kind and valuable assistance in 
arranging our contributions. 


1 Tile imporLimt maps, published in India by tho Groat Trigonometrical Survey, and these h1.hu by (.lie Revenue 
Department, were most liberally placed at our disposal by Colonel Waugh and Major Thtiillicr, whom we have 
already lmd the pleasure of mentioning. 


I. 


2 
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GENERAL INTRODUCTORY REPORTS. 


IY. 

The Royal Society, to whom, as has been already stated, we are under deep obli- 
gation for their active interest in our mission, have highly honoured us by accepting 
the dedication of this volume, the first of the series, which con tain s the results of 
our researches on terrestrial magnetism, as well as the determinations of latitudes 
and longitudes, connected with these observations. 

The details of the astronomical and magnetic observations are preceded by an 
itinerary in a tabular form, by the communications received in reference to the fate 
of our late brother, Adolphe, and by explanatory notes on the mode of transcription 
adopted. 


Berlin, 1st March, 1860. 




A. ROUTES. 

I. Europe to llnmlmy, via Egypt, II. Bombay to Madras. III. Calcutta to Nainital, and Calcutta to Darjiling, 
IV. Himalaya and Central Tilmt. V, Bengal, territories of ill© North-East Frontier, and llindostdii. VI Central 
and Southern India. VII. Western Tibet. VIII. Chains of tlio Karakoriim and Kuonluen. IX. Tibet and 
Himalaya. X. 1 Ninja h to Ouleutta, with a visit to Central Nopal. XI. Pi'mjab to Bombay, and visit to CeylAn. 
Xll. Return to Europe, via Egypt. XIII. .Adolphe’s last, journeys. XIV. Routes of Adolphe’s establishment: 
a, in the Himalaya; h. in Central Asia. 

The mutes are laid down on Map No. 1 of the (biographical Atlas, 

//. ESTA1VLJS1IMENT. 

I. Observers. II. Interpreters. ILL Collectors. IV. Wervants. 

The <lotat.il ol‘ the transcription used forms tint object, of No. I V. of the General 
Introductory Ur ports. 


a , no i pi' us. 

In t tir Tat bliss, in which wo present. the different routrs 1 taken by ourselves and 
by our assistants, wo give the dotaiil itt such a. form, as to render it possible mi- 
nutely to follow them on tins Route Map, wltioli is contained in the geographical part, 
of our Atlas. 

Wo hat vc formed our routes in 14 groups, arranged in chronological order. 

The sign ^ indicates aut uninhabited place, where a halt haul been made. Such 
places along commercial routes arc also the halting places of caravans. 

The different routes are preceded by explanatory remarks, having reference prin- 
cipally to the mode of travelling and to tlio general diameter of the climate. 

1 As si sited in our evidenre before f in* Select (JmnmiUee tin Eoloniy,ation and Sottlement in India (Fourth 
Report, published July *Jttrd, IHoS, p. ii), the total length o(‘ tint various routes, along which our researches were 
(lurried cm, in Indin and to the north of it, amounts to about IS, not) miles. 
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In writing these notes,- we ever experienced the most lively conviction of their 
incompleteness. If, however, for the present, we have limited ourselves to the deline- 
ation of a few descriptive outlines, we have done so only with the hope of being 
able hereafter to present the details in a form better adapted for scientific and 
descriptive purposes than the chronological arrangement appears to be. This 
enumeration of our routes in a condensed" form may at least be found useful in 
facilitating the general geographical connection of the objects of our researches. 

In the second part of this chapter, we give an enumeration of the establishment 
we had engaged, ifi which all the detail about the persons, occasionally mentioned in 
our itinerary, will be found. The routes they took are only given when they were 
separated from us. 


I. EUROPE TO BOMBAY, YIA EGYPT. 
1. Hermann, Adolphe, Robert. 


1854. 

September 20th, left Southampton, per steamer 
“Indus”. 

„ 25th, Gibraltar. 

„ 30th, Malta. 

October 5th, Alexandria. 

Adolphe remained at Bombay till December 2nd, Hermann and Robert till December 31st 
They visited: 


October 8th, left Suez, per steamer “Oriental”. 
„ 14th, Aden, per steamer “Auckland”, for 

Bombay. ■ 

„ 26th, Bombay. 


November 19th to 22nd, Bassain, Salsette, and 

Tanna. 


December 16th and 17th, Elephanta. 


II. BOMBAY TO MADRAS. 

During our journey through the southern parts of the Peninsula of India we 
had engaged a camel proprietor. The men keeping camels ready for hire are called 
mokadams in Bombay, chaudris in Bengal. This man supplied 20 camels (dromedaries) 
and six servants for the transport of our tents, collections, and onr heavy luggage in 
general. All the delicate instruments were carried by kulis on long bamboo sticks; 
the chronometers, throughout the journey, were carefully packed up in bags, thickly 
stuffed with cotton, as well to prevent the ill effects of unavoidable shaking, as to reduce 
as much as possible the variations of temperature. The kulis were changed every 
three or four marches. 
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Our mode of travelling was as follows: — In tlie evening the inolcadam, with liis 
kulis and the greater part of the dromedaries, used to leave the encampment which had 
skeltered us during the day, and push forward in advance of us during the cool hours 
of the night. Early in the morning, between three or four o’clock, we ourselves set off 
on horseback, reaching the new halting place, already prepared by the party preceding 
us, at about ten o’clock. In the afternoon, when the sun’s rays were somewhat tempered, 
we made our usual exploration of the immediate vicinity. In jungly districts we 
occasionally rode dromedaries, instead of horses. 

In the Dekhan the mornings wore generally cool, 7" to 11* 0. (44°'<> to 51 °*8 Fa.hr.); 
and during tlvo hours preceding sunrise a well marked ha/e, considerably affecting 
the transparency of the air, was regularly observed when the temperature reached its 
maximum of lmat. At about three o’clock in the afternoon the thermometer ranged 
between 23° to 27" (!. (73 0, 4 to 8()’T> Fahr.). In Maissiir, the Honthornmost point 
of this journey, heavy morning dews were a characteristic feature. The temperature 
also was considerably higher, the morning minimum being on an average 14° to 18° 0. 
(57°-2 to <hl°v| Falir.l, the maximum 2o° to 20* Cl. (77° to H4 0, 2 Fnhr.h The only wet. 
day was I lie 1 Di li Kehrua ry on Robert's mute, the rain being heavy, though of short, 
duration, and quite local in its effects. 

The periodical setting in of the sea breeze ill the afternoon was distinctly felt 
HO miles inland. 

2. Neumann. Auoi.imih. Run but: Western < Mints. 


A. Aim 11,1*11 e. 


R Hkumann, Rohkkt, 




Deeenilier 2nd, let'l Iliunhay by heat. 

,, (it b. Mah.'ir. 

nth le 1 5th, Mahiihuleslivar. 

., 20lh to .lamiary Ith. I No**, I’ima.. 
From l*una he visited, bcn'iiilii'r 2sili to 


j Deroiulier 5 1st, left limn buy by steamer, 

.1ii.ima.ry 2nd, across the Hlior (Hint. 

,. Ith, 1’iiim, where they joined Adolphe. 

Ii 1st, Singiirli. 


3. Tlirmigh tin* Dekhau and Maissiir to Madras. 

.1. Hermann, Aiioi, riiE, Robert. 

1855 . 

.lamiary 5th, left hi mu | .Iniumry 18th and l!Rh, Kahidtdii. 
.. IMli, Hnlhmi. | „ 22nd, (iiidjilntergarli. 

15 th. Ana pur. „ 27 th to 3 IMh, liellnri. 
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B. Adolrhe. 

G. Hermann, Robert. 

1855. 

January 31st, left Bellari. 

January 31st, left Bellari. 

February 5th, Banganpflli. 

February 4th, Paulasamudram. 

„ 9th, Kadapa. 

„ 8th, Bangalur. 

„ 14th, Tirputi. 

Hermann, by carriage dak. 

„ 16th, Nellatiir. 

„ 12th, Madras. 

„ 18th, Madras. 

Robert. 

„ 11th, Kistnagherri. 

„ 15th, Vellur. 

„ 19th, Madras. 


We remained in Madras till March 2nd, arrived at Calcutta per steamer “Bengal”, March 5th. 
Quarter Master General’s Guide, Salmonji, returned round Ceylon to Bombay. 

III. CALCUTTA TO NAINITA1 AND CALCUTTA TO DARJILING. 

One mode of rapid travelling in Bengal is by palanquin or palki, with, relays of 
bearers previously posted at the different stations along the line of route. The 
luggage (reduced in our case chiefly to instruments) is conveyed at the same Hpeecl 
with the traveller. A large palki train travelling during the night, accompanied by 
torches and kept at a uniform rate by a peculiar monotonous chant of the bearers, 

is a characteristic peculiar to Indian travelling. The palki dsk has the advantage of 

* . 

being practicable even along bad roads, and over the hilly districts, in fact on nearly 
every kind of route where hearers can be procured. In Bengal the office of palki 
bearer is confined exclusively to one particular caste, named the Kahars. 

Another mode of travelling is by carriage dak, which, however, can be used 
along but very few roads, and even on these its progress is often interrupted by the 
swollen Btate of the rivers, nearly all of which must be crossed without the help of 
proper bridges. These carriages are four-wheeled, of the same make as a palanquin, and 
drawn by one horse, which is changed about every six miles. 

A part of onr journeys was performed during the setting in of the hot season; 
the maximum temperature reached 36° 0. (96°-8 Fahr.), but during our later journeys 
we had still higher temperatures. Though in the morning the thermometer usually 
reached 20° C. (68° Fahr.), yet the air was very pleasant to the feelings of the tra- 
veller. 
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At Farrukhabad, on the 11th of April, 1855, there was a heavy dust stonn, from 
which we defended ourselves as well as we could by putting wetted tattis before 
our doors. These tattis are mats of grass, and, when kept wet, lower considerably the 
temperature of the room by the process of evaporation. Some people consider them 
unhealthy; though for our own parts we never experienced any bad effects from their use. 

The ascent to the top of the first ridges of the Himalaya, which are more than 
6000 feet high, is very steep, and the climate, in consequence, extremely varied. 
Indeed, the very first evening, after leaving the heated plains, we found it desirable 
to have fires. 

4. Adolphe, Robert : Bengal and Hindostan. 

1855. 

March 24th, left Calcutta by rail. April 6th and 7th, AllahaMd by carriage dak. 

„ 29th, Patna by palki dak. „ 10th and lltli, Fatiga'rli „ „ „ 

Adolphe, viaBaksar. „ 13th, Bareli by palki dak. 

Robert, via Sherghdtti. „ 16th, Nainital. 

We remained at Nainital till May 16th, making occasional excursions: to Cliinar peak, 27tli and 
28t.h April, to Libia Kanta, May 7th to 9th, and in the environs of the lake at Nainital. 

Assistants: Mr. Daniel and guide Eleazar travelled along the Grand Trunk Itoacl, March 15tli 
to May 9th, from Calcutta to Nainital. They made a stay of several days at Allahabad, Benares, 
and Fatigurh. 

They had their luggage carried by the Government bullock train. This consists 
of a number of strong carts, with solid wooden wheels; they are drawn by bullocks, 
which are changed at every six or eight miles. This train is used chiefly for the 
carriage of Government stores, merchandize, and heavy luggage in general to the 
upper provinces, and travelling, as it does, day and night, reaches Lahor, during the 
dry season, in about from 24 to 26 days after leaving Calcutta. 

5. Hermann: Bengal to Sikkim. 

1855. 

April 5th, left Calcutta by palki dak. April 14th, Siligdri. 

„ 8th, Berhampur. „ 16th, Pankahari. 

„ 11th, Dinajpur. „ 18th, Darjiling. 

Remained at Darjiling till May 7th, making occasional excursions. 

Assistant: Lieutenant Adams left Calcutta, March 30th, went by steamer up the Ganges, and 
reached Darjiling, via Parnea, April 23rd. 


April 4th, Benares 
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IV. HIMALAYA AND CENTRAL TIBET. 

6. Hermann: Sikkim, Himalaya. 

My researches in Sikkim were made along the Singhalfia ridge. The hostile 
disposition of the Sikkim G-overnment since Dr. Hooker’s and Dr. Campbell’s travels 
utterly frustrated all attempts to obtain permission to travel in the lower parts of 
Sikkim. Even on the route which, at first, I thought it possible to follow unobserved, 
since it lay along a jungly and uninhabited ridge, I soon found that my kulis and 
workmen,' of whom I had a great number for clearing paths and making tree 
sections for the collection, gradually disappeared. This seems to have been a device 
on the part of the Nepalese to make it impossible for me to continue my journey. 
But in spite of this and all other difficulties I succeeded, partially at least, in effecting 
my purpose. Three weeks later a Nepalese guard presented itself, and, after allowing 
me to make a few marches forward, forced me to return. 

Up to Tonglo I had the pleasure of being accompanied by Lieutenants Congreve 
and Goddard, and Dr. Dominichetti. Lieutenant Congreve, who returned by the Nepalese 
fort Ilam, had the kindness to communicate to me his route. 

In the southern parts of Sikkim, and particularly in the environs of Darjiling, 
the rainy season is very heavy; the amount of rain very often exceeding, during this 
period, 120 inches. Farther to the north the rains were not quite so violent, 
nevertheless they offered very serious obstacles. During my travels in Si kkim , my 
tent was wet through for three weeks continuously, and everything inside, as may be 
well imagined, in a state of excessive moisture. 


1855. 


May 7th, left Darjiling. 

June 

2nd, last camp Singhalila. 

„ 9th, Saimonbong, 

n 

12th, returned from Falut. 

„ 10th, Tonglo. 

a 

17th, reached Darjiling. 

„ 20th, Changtabu. 

| July 

1st, coal mines on the Ratiang 

„ 22nd, Faint. 

August 12th, left Darjiling. 

„ 30th, Goza. 

a 

14th, Siligori, foot of Himalaya. 


Assistants: Lieutenant Adams marched with Hermann; Abdul, being a native, was able to visit 
the valleys of the Ramam, and Ranglt. 
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7. Adolphe, Robert: KSmaon, Himalaya. 

The Traill’s pass was the first high pass which Adolphe had to cross in the Himalaya. 

This pass had been first discovered by Mr. Traill 1 : we therefore kept his name 
connected with it. It offered great difficulties, as well from the enormous quantities 
of snow, which still covered its flanks at this season, as from the religious super- 
stitions with which it is regarded by the Hindus, to whom these stupendous moun- 
tains are objects of a particular worship. 

Its height exceeds 17,000 feet; but on account of its being impassable for horses, 
it has never been, like many high passes in the Alps, of practical use. The men 
whom Adolphe had succeeded in engaging were, with the exception of one, entirely 
ignorant of the direction to be taken ; they could only be induced to follow him by 
his promising to sacrifice three goats on the top of the pass. Though this was done 
by them with strict observance of all religious ceremonies, some of the men were so 
frightened as suddenly to fall into fits, from which, however, they soon recovered. 

The route which Robert took, with the tents and the greatest part of the instru- 
ments, is at the same time the route of trade between the. plains and the higher 
parts of K&maon. The road, as far as Bageser, is excellent; but between Munsh&ri 
and Mflum the valleys are generally so narrow, and the slopes so steep and rugged, 
that great difficulties were experienced in bringing up the horses, even without their 
loads. The only time that horses can be brought up and down with safety is early 
in the spring, when the remains of - the winter avalanches form solid snow bridges, 
exactly similar to those in the higher parts of the Alps. • 

The influence of the rainy season was felt in the higher valleys of Johar only in the 
beginning of July, when there were heavy showers of rain for three consecutive days. 


A. Adolphe. 

May 20th, left Nainital. 
„ 22nd, Almora. 

„ 27th, Kathi. 

„ 31st, Traill’s pass. 
June 4th, Mflum. 


1855. 


B . Robert. 

May 17th, left Nainit&l. 

„ 21st, Bageser. 

„ 25th 'to 27th, Munshari. 
„ 29th, Rilkot. 

„ 31st, Mflum. 


Adolphe and Robert both remained at Mflum till July 4th, and visited: 

June 9th to 12th, environs of Sand a Devi. I June 16th to 21st, the glaciers near Mflum. 


1 Mr. Traill is well ltriown by his publications on Kamaon. See Asiatic Researches, Vol. XVI., 1831, p. 137, ami 
Vol. XVni., 1832, p. 1. 


I. 


3 
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8. Adolphe, Robert: Gnari Khorsum, Tibet. 

The only chance we had of crossing the Tibetan frontier was to pass it in dis- 
guise. Notwithstanding all our precautions, we were soon recognised as Europeans 
by the Chinese authorities, and peremptorily ordered to return. To prevent our enter- 
ing their territories, from which Europeans are so jealously and successfully excluded, 
a Chsneee guard was ordered to bring us back. But we were able to escape their 
vigilance, and, late in a dark night, to cross the Sakh pass. Though soon traced 
and overtaken by our guard, we nevertheless succeeded, by a liberal use of money, 
in making arrangements with the Chinese to allow us to proceed to the north as far 
as the S&tlej. With the assistance of the Bara Mani, the head of the Mani family, 
we were able to penetrate as far as Gartok. 

This important trading station in Central Tibet was first made known by Moor- 
croft’s visit in 1812 1 . At that time Moorcroft was also accompanied by members of 
Mani’s family. 

On this journey, in. our ascent of the Ibi Gamin, we attained an elevation of 
22,260 feet, the greatest height, as far as we know, that has yet been reached on any 
mountain. 


Even here the influence of the Indian rainy season was still appreciable; it 
manifested itself in sudden thunder-storms, for the most part accompanied by hail and 
sleet. Occasionally we had to suffer very much from cold. 


1855. 

July 4th, left Mfium. 

,, 6th, Uta Dhura pass. 

„ 8th and 9th, Janti pass. 

„ 11th, Kiunger pass. 

„ 15th, Sakh pass. 

„ 18th to 20th, environs of Daba. 

„ 26th Chaleo La pass. 


July 28th, environs of Gartok. 

„ 29th, Gunchanlcar peak. 

August 5th to 8th, Mangnang. 

„ 13th to 19th, Ibi Gamin. 

„ 22nd, ibi Gamin pass. 

„ 25th to 31st, Badrinath and Maria. 


9. Adolphe, Robert : .Himalaya and Tibet. 

Adolphe managed to complete his second journey into Gnari Khorsum without 
the disguise he had assumed being detected. But, besides difficulties of a political 
nature, he had to contend with natural impediments, in the shape of a very rough 
road with three high passes. 

1 See Moorcroft’s Travels, edited by H. H. Wilson. 2 Volumes. London, 1841. 
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Robert examined the territory in which are situated the sources of the Ganges 
and the J&mna with their principal tributaries. The surface of the country is ex- 
tremely precipitous and rugged, difficult of access, and quite impassable for horses. 
At the same time, the great number of fakirs travelling as pilgrims over these 
regions gives to them a very peculiar character. 


A. Adolphe. 

Second journey to Tibet, and return to Garhval. 

1855. 

September 2nd, loft Badrinath. 

„ 5th, Mii.ua pass. 

„ 10th, l’lidko La pass. 

„ Kith, Ruling. 

„ Dili, N61o|lg pilHH. 

.. 271.li to noth, Mukba. 

October Oth to Kill, Usflla. 

.. 12th, Kidarkanta. 

„ 1 7th, Masnuri. 


B. Robert. 

Gilrhval. 

* 

September 7th, left Badrinath. 

„ 9th, Jhoaimath. 

„ 15th, (Vkimath. 

„ 19th to 22nd, Kldarnath and 

glaciers near it. 

24th, Trljugi NarAin. 

October 1st, Masertid. 

„ Oth, Uri. 

„ 19th, KlulrsAli. 

„ 21st, Mflasuri. 


Separate mutes of assistants: 

In May: from Nninital to Mi'lum, via Nainik; in July: from the Rakli pass, vift, Niti to Badrinath ; 
in Oetoher: from Masnrtal, via Sola to Khilrsiili, by two different. routes. 


BKNGAL, THIUIITOMKH OF THK NORTII- 


FRONTIKR, AND H1ND0BTAN. 


10. Hermann: Bengal and Khassia Mills. 

Notwithstanding the mi la, vou ruble season for travelling in the plains during and 
after the rains, a boat journey through the Jlnls, nearly across country, was under- 
taken from Sikkim to the foot of the Khassia Hills, since it had become imprac- 
ticable to make any further exploration in the interior of Sikkim. 

I had two large native boats, called binders, and a smaller one besides. The 
first was for the assistant, and myself, and also carried the instruments; the second 
was for the servants and for cooking operations* the smaller one conveyed our two 
horses, which we found very useful in exploring the neighbourhood of our halting 
places, which we did every evening, as far as the state of the country allowed. 
Similar boats were also sometimes used in Assam. In the Khassia Hills and in 
Bhutan 1 travelled with horses and kulis. 

The climate in Eastern Bengal is exceedingly dangerous at this season, particularly 
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for a party like ours who had come down so recently from the cooler regions of the 
Himalaya. The temperature,' which keeps nearly the same range both day and night, 
is not excessively hot, but very oppressive from the great moisture and almost entire 
absence of winds. The greatest danger, however, proceeds from the malarious gases, 
which affected us severely, though we should not otherwise have noticed their exist- 
ence. Lieutenant Adams was the first attacked by a brain fever, and shortly, after- 
wards I was myself taken dangerously ill and laid up for a fortnight with a severe 
intermittent fever. 

* 

In the Kh&ssia Hills I could still observe the last traces of the rainy season, 
which is the heaviest as yet known in the world, the total amount of rain exceeding 
600 inches a year. 

The climate of Assam during the cold season is a most agreeable one, though, on 
account of the latitude, the insolation is still very powerful. 


1855. 


August 15th, Silig6ri, on elephant 

„ 17th, Bariadangi, by boat. 

„ 22nd, M&lda. 

„ 25th to 30st, Rampur Bolea, by boat. 
September 8th, to 10th, Dhaka. 

„ 18th, Kattia. 

„ 22nd to 24th, Silhet. 


September 29th to November 5th, Cherra Punji. 
November 9th and 10th, Mairong. 

„ 11th, Kulong Rock. 

„ 12th and 13th, Nanklau. 

„ 14th, Jairong. 

„ 15th, Ranigodaun. 

„ 16th, Gohatti. 


Draughtsman Abdul came down the river Tista from Titalia and joined me by Silhet at Cherra 
Punji. Mr. Monteiro, the zoological assistant, left Sikkim, August 24th, and descended by the lateral 
branches of the Ganges to Calcutta, where he remained till April 4th, 1856. 


11. Hebmann: Assam, outer ranges of the Bhutan Himalaya, and the Delta of 
the Ganges. 


November 16th to December 21st, at Gohatti. 
December 28th, Mangeldai, by boat. 

December 30th to January 5th, Udelguri, on ele- 
phant. 

January 7th, Bogagaun. 

„ 10th to 13th, N&rigun. 

„ 23th to 30th, Tezpur, by river steamer 

“Thames”. 

February 2nd, Salamara. 

„ 5th to 7th, Dibrugarh. 


1855-6. 

February 7th, left Dibrugarh, by river steamer 
„ 10th, Tezpur. [“Thames”. 

„ 12th, by canoe to Gohatti, steamer sticking 

fast in the mud below Kulang. 

„ 13th, 14th, Gohatti. 

„ 1 7th, Serajgang, by river steamer “ Thames ”. 
„ 21st, Dhaka. 

„ 24th, Kulna. 

„ 29th, Calcutta. Remained here till 

March 30th. 
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Assistants : Lieutenant Adams and draughtsman Abdul left Hermann at Mungeldai, January 2nd, 1850. 
They went up the Biiri Billing, and on the 28th of May reached the place where the Nob Dilifng 
branches; then following the Ndh Billing to Sadia, on the Brahmaputra, they descended thence to 
Calcutta, whore they arrived on the 28tli of June, 1856. 

This was one of the most difficult expeditions which they had undertaken alone. 
Only the smallest canoes could be used, and even these, on account of the rapids, 
had often to lie carried over jungly ground. 

The chief objects of their researches were: the coal, strata, the petroleum springs 
along the foot of the Naga Hills, and more especially the rare hydrographical pheno- 
menon ottered by the Hilling. This river divides itself, oven in the upper part of 
its course, into two groat branches, which afterwards discharge themselves into the 
Brahmaputra. 


12. Hermann: Bengal, Audit and Hindostau. 


As far as Ambala by horse dak. 
1850. 


March ills!, left, Calcutta. 
April Kb, lloiyiros. 

„ Till to iltli, Laklmau. 

„ lath, Agra. 


April 1 7 t.l i, Bclvli. 

„ lHih, Mfrilth. 

„ 22nd, Ambala. 

„ 25th, Simla. 


Mr. Monteiro, the zoological collector, left Calcutta, April 4th, and marched to Simla, whore lie 
arrived. May 20th. 


VI. CKNTHAIj AND SOUTH KUN INDIA. 

The following route of Adolphe, to Southern India and thence up to Simla, 
extended over a much larger area than any of our others in one season. Along 
the (Jodaveri, in particular, where he had to inarch with fifteen camels, the natural 
obstacles were very great; but las experience in Indian travelling, together with the 
assistance of a. well trained establishment, enabled him to overcome thorn without 
material loss of time. 

A part of Robert's journeys led through the jungles and mountain systems of 
Central India — unhealthy countries, inhabited by the wild aboriginal tribes of the 
Cods, Bhils, and Kols. The road was for the most part stony, and altogether so 
bad that the camels could scarcely follow. Buffaloes, procurable in large quantities 
in dab] pur, would have been decidedly more useful. 
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Amarkantak is, for the physical geographer and ethnographer, a most interesting 
country. It has been only' once examined, by Dr. Spilsbury. 1 * * * Though its height is 
only 3580 feet (instead of 7000 or 8000 feet, as had generally been supposed) 8 , the 
ma.Tfimnm of temperature did not exceed, in January, 24° 0. (75°-2 Fahr.), and a sky, 
almost continually overcast, sensibly mitigated the effects of the insolation. 

Adolphe, during his extensive journeys, had to pass through such a variety of climates 
that vre find it impossible to give the general characteristics, without entering too much 
into the details of his observations. 


13. Adolphe, Robert : Hindostan and B&ndelkblnd. 


From Dera to Agra by horse dak; thence with camels. 

1855. 


November 8th, left MSssiiri by pAlki dak. 
„ 10th to 14th, Dera. 

„ 19th, MirSth. 

„ 21th to 29th, Agra. 


December 2nd, Gvalior. 

„ 7th, Jhansi. 

„ 11th, Bamori. 

„ 15th to 19th, Sager. 


Guide Eleazar went alone by way of Dehli to Agra, thence with Adolphe and Robert to Sager. 


14. Adolphe: Central and Southern India and N’ilgiris. 

From Sager to Rajamandri with camels; Madras to the Nilgiris by palki dak; 
Calcutta to Ambala by horse dak. . 


December 19th, left Sager. 

„ 22nd to 26th, Jablpur. 

„ 31st, Sexmi. 

January 4th to 8th, Nagpur. 

„ 11th, Nagri. 

„ 17th, Bibberi. 

„ 24th, Rajupetta. 

February 1st to 7th, Rajamandri. 

„ 19th, Madras by sailing vessel “ Trafalgar ”, 

„ 24th, left Madras. 

„ 27th, Tondisherri. 


1855-6. 

March 4th, Utatur. 

„ 7th, Tricliinopali. 

„ 11th to 16th, Utakamand and Nilgiris. 

„ 20th, Bangalur. 

„ 22nd to 31st, Madras. 

April 5th, Calcutta per steamer “Oriental”. 
„ 14th, left Calcutta. 

„ 19th, Kanhpur (Cawnpore). 

„ 22nd, Dehli. 

„ 24th, Ambala. 

„ 26th, Simla. 


1 See Journal of the Asiatic Society, Vol. IX. 1840, pp. 889 to 903. A letter of Mr. 0. P. M‘Leod, printed in the 

Transactions of the Agricultural Society, Vol. VIII., p. 144, contains only some general remarks about the possibility 

of its being the site of a sanitarium. 

a See Dr. Hooker’s well known “Himalayan Journals”, Murray, London, 1854. Vol. I., p. 32. 
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At Simla we all three met, and took advantage of our stay in that place to make a general 
comparison of our instruments and observations. 

Assistants: Guide Eleanor accompanied Aclolphe through Central and Southern India as far as 
Madras; from that place he was sent by a different route to Pondislierri; somewhat later he ac- 
companied Adolphe to Calcutta. From Calcutta he marched to Simla, April 5th to May 20th. 

1.5. Hubert: Malva and Hindustan (N."W. Prov.). 


1855 - 0 . 


December 1.0th, loft, Sager. 

„ 22nd, Bennhiin. 

„ 25th, Niirsfnglipur. 

„ OOtli to January 5 th, JdWpur. 

January Dili, Manilla, on elephant. 

„ I.'ith, Hamgiirh. 

,. 18th, (lordkhpur. 

„ 20th to 2(ith, Aiiiarkaiitak. 

Mist, Manila. 

Tlu> native doctor Ilarkishmi mnrelied from 


Fohrunry 4th to 6th, Sohagpur. 

„ 12th, lifma (ftowah), 

„ 15tli to 18th, Allahabad. 

„ 2 1st to March 8th, Agra by horse dak. 

March !)th to 11th, Delhi, 

„ 13th to 14th, SahilmnpUr. 

„ 18th, Nahan. 

„ 25th to May 28th, Simla and environs. 
(May (1th to 10th, hot springs at Suni.) 
Allahabad to Simla, March 8th to 2<ith. 


VII. WEST HUN TIBET. 

Hi. Hermann, Roiikut: Simla to Hdi. 

On uadi of the routes loading from , Simla to the interior of Western Tibet, the 
road, lor eight or ton days, lien through high, uninhabited countries, where shepherds 
only are to be met with, and occasionally caravans of salt trailers, who employ sheep 
lor flat transport of their goods. 

Passes, exceeding 17,000 feet, increase the difficulties of the road. Hermann’s 
route, which lay quite across the country, wan chosen chiefly with a view of visiting 
as many of the salt lakes as possible. 

Soon after crossing the ridge of the Himalaya Proper the ohanietoristios of the 
Tibetan climate become decidedly prominent, viz., an excessive dryness of the atmo- 
sphere, a. cloudless sky, and very powerful insolation'. 

In .laid ale, a peculiar dry huze is very remarkable during the latter part of 
summer: in valleys of an elevation of 11,000 or 12,000 foot the temperature is still 
remarkably high. 
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GENERAL INTRODUCTORY REPORTS. 


A. Hermann. 


B. Robert. 


Bisser, Spiti and Pangkong. 

May 29th, left Simla. 

„ 30st, Kotgarh. 

June 2nd, Rimpur. 

„ 5th to 7th, "Vangtu bridge. 

„ 8th, T&ri pass. 

„ 12th and 13th, Mud. 

„ 18th, P&rang pass. 

„ 21st to 24th, Lake Tsomoriri. 

„ 26th to July 2nd, Lake Tsomognalari. 
July 6th to 23rd, Leh. 


Kulu, Lahol, and Rupcliu. 

1856. 

May 29th, left Simla. 

„ 31st, Shul&i. 

June 2nd, Riss&lu. 

„ 5th to 7th, Sultanpur. 

•„ 9th, Rotang pass. 

„ 13th to 15th, Kardong. 

„ 19th, Bara Lacha pass. 

„ 23rd, Lacha Lung pass. 

„ 26th, Taklang pass. 

„ 30th to July 23rd, Leh. 


17. Adolphe: Simla to Skardo, via Kulu, Lahol, and Tsanskar. 

Adolphe’s journey in Balti included one of the largest groups of glaciers, as well 
as some peaks remarkably high for this longitude. He examined carefully the most 
western part of the Karakorum range; but his attempts to cross it into Turkistan 
were frustrated by the hostile attitude of the predatory tribes infesting its northern 
foot. 

In Balti, the principal valleys being at a lower elevation than those of Ladak, 
and at the same time more generally cultivated, the climate becomes mild enough to 
allow of the cultivation of fruits, chiefly apricots, which form here an important 
article of trade. 


1856. 

May 29th, left Simla, ) accompanied by Robert, 
t T7- ' j f and making the same 

June 13th to 15th, Kardong,) stages. 

„ 19th, Shinko La pass. 

„ 23rd to 26th, Padum. 

„ 29th, Pentse La pass. 

July 4th to 7th, Dah. 

„ 8th, Chorbat pass. 

„ 12th, KMpalu. 

„ 14th and 15th, Hiishe. 

„ 16th to 19th, Sospor glaciers. 

„ 21st, Chorkonda. 


July 24th to 29th, Chorkonda glaciers. 

August 1st, Haldi. 

„ 5th, SMgar. 

„ 8th, Chutron. 

„ 12th, Brahaldo. 

„ 14th, Askoli. 

„ 17th, Shurshing. 

„ 20th to 23rd, Mustak glaciers and pass. 
„ 29th, Skora La pass. 

„ 31st, Shigar. 

Sept. 2nd to 5th, Sk&rdo. 



ITINERARY, WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 


25 


VIII. CHAINS OF THE KAHAK01l(jM AND KUENLUEN. 

18. Hermann, Robert: Ladak, NiTbra, Turkist&n. 

Wo are fortunate enough to have been the first Europeans that ever crossed the 
chains of the Karakorum and of the Kuenluen; I)r. Thomson had proceeded so far 
as to reach the Karakorum pass, 1 but the Kuenluen, erroneously considered as the . 
watershed between Central Asia and India, had hitherto remained a perfectly unknown 
and imvisitod. territory. Marco Polo, in the 1 3th century, only penetrated in these parts 
as fin* south as Kashgar. 

The success attained by ourselves, though scarcely anticipated, may bo ascribed, in a 
great measure, to the precautions we took to keep all our arrangements for this journey as 
secret as possible. It was very important, tor the purpose of avoiding immediate discovery, 
to follow a route not generally taken by caravans trading to Yarkand. Mohammad 
Amin, our chief guide,* therefore, proposed to us a direction, which wo followed, 
and along which we travelled, without any trace of a, road, from the Karakorum pass 
as far as liiisliia. 

The countries we passed am certainly some of the highest of our globe. At 
these great elevations (11,800 to 17,(100 lent, with passes above 1 8,000 feet) we very 
randy found wood, and scarcely sufficient, food for our horses; even water, though 
generally plentiful ill summer, by reason of t he inciting of the snows, is occasionally 
obtainable only with great difficulty, when the days are more than usually cold. 

On leaving badak, we had nineteen horses with us, of which, however, we lost 
seven between beh anil .A Siimgnl. On the 13th August, while crossing the Jfilchi 
pass, we were overtaken by a violent snow storm. The cold was intense during the 
night, and two of the horses, which were lying close to our very feet, died from the 
effects of if. before our return from Khotnii we succeeded in making purchases of 
fresh horses, :| together with six yaks and two baetrian camels. 

As far as the southern foot- of the Kuenluen the climate is always very dry, 
and, as must, be expected from the great elevations, exceedingly cold and bleak. In 
these regions the rarefied air frei|iiently became the cause of severe suffering for all 
our party, even the horses and our two baetrian camels being decidedly affected by it. 

1 WfHtprn II itimhiyu im»J TihH. I«ntitlnii, 1 HTc*. 

'' Kor tlKuilfi uldHitr him, set* It. KhtuhliHlmii nt. 

:t Two of tlir.o*’ Imr-ses wit hnnitflti with ux to Kupipr. ;ih vvril ;t,*i ili*’ t wo tMHipIn; i In* lutUr pri'xiMitml 1 o tlw 
zb<tl(ijj*inil garden at IVrliu. 


I. 


4 
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GENERAL INTRODTJ CT0RT REPORTS. 


the effect of the rarefaction of the air was in- 


We were surprised to find how much 
creased when winds sprang up. 

July 24th, left Leh. 

„ 29th, Panamuk. 

August 2ud, Sasser pass. 

„ 3rd, S&sser peak. 

„ 6th, A Puhak. 

„ 8th, A D&ulat Beg tilde. 

„ 9th, crossed Karakorum pass. 

„ 12th to 14th, Salt Lake Kiuk-Kiol. 

„ 16th to 18th, to A Sikander Mokam. 

„ 19th to 22nd, Karakash valley to A Sumgal. 
„ 23rd, crossed theKuenluen by the Llcbi pass. 


1856. 

August 24th, A Oitash. 

• „ 25th and 26th, Bushia. 

„ 28th, recrossed the Kuenluen. 

„ 31st, A Suget. 

September 2nd, A "Viliksha. 

4th, recrossed Karakoriim pass. 
6th, A Sultan Chuskun. 

8th, Sasser pass. 

10th, Karsar. 

12th, Leh. 


Assistants:* BtSrkfshen and observer Nain Singh remained at Leh in charge of a corresponding 
magnetic observatory; plant collectors and shooters collected in the Indus valley from Dah to Hanle, 
and in Tsanskar and Nubra. 


IX. TIBET AND HIMALAYA. 


19, Adolphe: Hasora and Kashmir. 

Adolphe selected this route chiefly with the view of examining the large peaks 
and glacier groups surrounding the Diamer, which attains a height of 26,629 feet. 1 
Kinrdbaxi and Nunnivari peak were important stations for his geographical surveys. 


1856. 


September 6th, Burge pass. 

„ 9th, Naugaum. 

„ 12th, Hasora. 

„ 15th, T&shing. 

„ 17th to 19th, Dimmer glaciers. 

„ 20th to 23rd, Tashing. 


September ,27th to 29th, Ivinibari peak. 
October 1st, Dorikon pass. 

„ 3rd, Gures. 

„ 6th, Nunnivari peak. 

„ 9th to November 2nd, Srinagger. 


His plant collectors and shikaris (shooters) chiefly explored the country west of Akardo. 


20. Herhaxh, Bobert : Ladak to Kashmir. 

The Suru pass, being already covered with snow, was crossed with difficulty so 
late in the season. In general, both the roads followed are comparatively easy. 


1 See Memorandum on the Nanga Parbat, by Captain. T. G. Montgomerie, in the Journal of the Asiatic Society 
of Bengal, ’No. TV., 1857, p. 266. 
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A, Heemann. — Southern route. B. Eobeht. — Northern route. 

1856. 


October 4th, left Loll. 

,, 6th, Lama Yilru. 

„ 8th, Kargil. 

„ 11th, Suru pass. 

„ 15th, Pashmui. 

., 17th, IslamaMd. 

10th to November 2nd, Srinagger. 


October 4th, left Leh. 

„ 6th, Lama Yuru. 

„ 8th to 10th, Kargil. 

„ 12th, Dras. 

„ 14th, Tsoji pass. 

„ 16th, Nurmer. 

„ 17th to November 2nd, Srinagger. 


21. Separate routes of the establishment: 

A. Mr. Monteiro and guide Eleazar. 

Erom Simla. Mr. Monteiro and guide Eleaaar took the route to Kashmir, vih. Kangra 
and Jamu. 'Phis journey was performed during the rainy season, which is not only 
the unheal finest time of the year for travelling, but has such effect upon the roads 
as to render rapid movement an impossibility. 


June 2nd, left Simla. 

,. 271h to July !Hh, Ksiilgra, 

August, 22ml to 2fit li, .lasn’dhu, 

.. ‘itltli in September <11 Ii, Jamil. 


1850. 

j September 1 1th to 14th, Rajnuri. 
1 „ 17th, Pir Punjab 

„ 2 til’d, Srinagger. 


If. riant, eolleetors: 


The plant collect ers Laimllier and Joluir Siugh went, by the following route to Kashmir, after 
leaving Adolphe and Hubert at Kiinloitg : 


June llitli, left Kardong. 

22ml, Triloliiiatli. 

July IHh to h| h. Cliamba. 
Istli to 2‘trd. Hlmdrar. 


1 85(5. 

I July 26th to 30th, Kishtvar. 
August, 7th to 10th, Islamabad. 
„ 1 2th, Srinagger. 


22 . 1 1 mum a.nn, A uuiii’im, Ho it hht: Kashmir to the Pitnj&U. 

During our stay in Srinagger, the capital of Kashmir, whore wo all met together 
for the second t ime, we occupied the large house built, by the late Eajuh (Julab Singli 1 
for the reception of (iovemmetit missions. It is situated olose to the hanks of the 
dll Hum, in a large ganleu, and though not so richly ornamented as the Eujah’s own 
palace is much better adapted to European purposes. 


(J ultil i Singh died in AugiiMt. t imd ivim urn vended liy bin non, lUnibir Singh, the pi'cncnt ruler of Kashmir. 

4* 


1 
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The different* routes from Kashmir to the P&njab offer in themselves no particular 
obstacles; but as all the collections which we had made during the summer, and 
which had already been forwarded from time to time to await our arrival at Kashmir, 
had accumulated in large quantities, we found great difficulty in procuring the necessary 
means of transport, though we divided our luggage between three caravans and sent 
them off before us at several days’ interval from each other. 

During our stay, in October, the climate was mild and agreeable, the minimum, 
2° to 3° 0, (35°-6 to 37°-4 Pahr.); the maximum, 19° to 22° 0. (66°-2 to 71°-6 Pahr.). 
The season at the end of autumn is one of the finest in the world. In summer the 
heat is much greater than is generally supposed, though it is often interrupted 
by rains. 

In the annual distribution of rains, summer rains, decidedly prevail, coinciding 
with the period of the rainy season in the plains; but occasional falls occur in every 
month. Snow falls in the middle of winter only, and then lasts but for a short time. 

The climate of Kashmir is generally considered to be very healthy; but a year 
after our departure, in the summer of 1857, cholera raged to a fearful extent in its 
somewhat thickly populated districts. 


A. Hermann, Adolphe. — Southern route, via, M&rri. 


November 2nd, left Srinagger. 

„ 5th, Uri. 

„ 8th, Hatti. 

„ 9th, Chikar. 


1856. 

November 12th to 16th, Marri. 

„ 17th to Dec. 13th, Adolphe: Raulpindi. 
„ 17th to Dec. 18th, Hermann: Raulpindi. 


B. Robert. — Northern route, via Moz&ferabad. 


November 2nd, left Srinagger. 
„ 4th, Naushera. 

„ 8th, Hatian. 


1856. 

November 10th to 12th, Moztiferabad. 

„ 13th, Abottabad. 

„ 16th to December 18th, Raulpindi. 


Assistants: Mani and Nain Singh went across the Puch pass by Tliimali to Raulpindi. 


X. PANJAB TO CALCUTTA, WITH A "VISIT TO CENTRAL NEPAL. 

It had been the intention of Adolphe and Robert to visit Nep&l in the summer of 
1855. But not only was the permission for a regular journey refused, but my (Hermann’s) 
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first attempt, even, to proceed in the same year along the frontier between Sikkim and 
Nepal, resulted in being turned hack by force. 1 

It was only after two years’ diplomatic negociations, very kindly entered into 
upon our behalf by the Governor General and Colonel Ramsay, British Resident in 
Kathmandu, that the Court of Nepal allowed me to visit a portion of its territories. 

Upon arriving at the frontier I had quite an official reception, and a guard of 
sepoys constituted themselves my constant companions, partly in the capacity of guides, 
but more especially for keeping watch upon my operations. No restriction, however, 
was placed upon the use of my instruments, and I was allowed to take measurements, 
and also to draw without lot or hindorance, a privilege of which I availed myBelf by 
making drawings of the beautiful peaks of Central Nopal from different heights in the 
environs of Kathmandu. 

The Tavai, the unhealthy belt of forests and jungles at thq foot of the Himalaya, 
was crossed on elephants, kindly provided by Major Holmes, who, to the groat regret 
of his numerous friends, was killed a few months later in the Indian mutiny. 

The climate of the valley of Kathmandu will hereafter be the object of a detailed 
treatment based on » must valuable series of observations taken at the Residency. 
These observations had their origin in Mr. If. 11. Hodgson’s ardent love for scieneo, and 
have been lately taken up again by the medical gentlemen attached to the Residency. 

Kathmandu has very warm summers, a well marked rainy season, and mild 
winters. Snow is exceedingly rare; hut. a few isolated occasions of its appearance 
are known, and then it fell in the night only, and disappeared with the earliest rays 
of the Him. 


2;5. Uhumasn: A. I’anjab and Hindustan to Nepal. 


As far as Amiiala. by pirlki dali, then to lbitiin by horse dak. 


I 8511-7. 

December lsth, left Itunlpuuli. 

2<M h, tinjrat. 

„ 27th to .luimary Hth, balmr. 

•January l.'lth, Linlhiiinu. 

,. lath, Amhiila. 


•liuimry lHth, Aligarh. 

„ 20th to 2fit!i, Agra. 
February 5th to 1 1th, lhitna. 
„ Mill, Hiipiuli. 


* SiH* p. 111. 
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February 14th, left Sigauli. 

„ 16th, Cluria Ghat. 

„ 18th, Kathmandu. 

„ 28th, Kakani peak. 


B., Nepal. 
1857. 


March 1st, K&ulea peak. 

„ 4th, KathmAndu. 

„ 6th, Chandragfri pass. 

„ 10th, Firfing. 

„ 13th, Sigauli. 


C. Bengal. 

Partly by pilki, partly by horse dak. 
1857. 


March 14th, left Sigauli. 

„ 15th, Chapra. 

„ 19th to 22nd, Patna. 


March 24th, Parisnath peak. 

„ 27th to April 22nd, Calcutta; left per 
steamer “Bengal”, for Europe. 


Assistants: Lieutenant Adams and draughtsman Abdul, after their return from Assam, left 
Calcutta per river steamer, March 10th, reached Patna, February 1st, travelling thence with Hermann. 

After the departure of Hermann to Europe, Lieutenant Adams remained still attached to the 
Survey, for scientific observations, which he carried on successfully till March, 1858, chiefly in Bengal, 
Bahar, and the RajmaMl Hills. 


X. PlNJAB TO BOMBAY, AND VISIT TO CEYL6N. 

The greatest part of this journey might have been performed by water, viz., on 
the tributaries of the Indus as far as Multan, on the Indus itself from Multan to 
Karrachi, and by sea from K&rrachi to Bombay. However, I (Robert) preferred to 
go by land as a mode of travelling better suited for the examination of the country. 
Before arriving at the Grulf of Kambay I had to march nearly 1500 miles, on horse- 
back almost all the way, except in Sindh, where I made use of camels. My caravan 
of baggage-camels had to be changed three times before I reached Bhuj ; subsequently, 
however, I engaged bullock carts. , 

There is no part in the plains of India which presents greater extremes of 
temperature than the Panjab. In winter it enjoys a cold season in the true sense of 
the w r ord, the thermometer from November to the end of February scarcely rising above 
'19° O. (66 0, 2 Fahr.) ; in summer the heat, accompanied by fearful dust-storms and hot 
winds, is excessive. The varieties of climate which I passed through on my route, 
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nearly due south, were most striking, the difference of temperature' fully correspond- 
ing to a change produced by a descent of from 6000 to 7000 feet in the Himalaya. 

In Lower Sindh heavy fogs were not unfrequent. The sea breeze was felt nearly 
60 miles inland. In March, during my travels across the sterile delta of the Indus, 

in Ivach, and Kattivar, tho heat was very oppressive, and especially so in the close 
atmosphere of the tents. 


2-1. ItoriKRT: A. Piinjiib and Sindh. 


1856-7. 


December 18th, left lianljundi. 

„ 2 1st to 24th, suit mines nt Kitira. 

27th to 21) tli, Slnilipur. 

.hum ary 1st, Jlumg. 

r.tli to 1 2th, Multan. 

I ot h, .Hhnulptir. 

.. 20th, KJidiiptir. 


January 22nd, MitMnkot. 

„ 25th, Naushera. 

„ 30th to February 4th, Sakker. 

February 9th, NAri. 

„ 1 9th, Sevan. 

„ 19th, Manchar lake. 

« 22nd to 29tli, KSrrachi. 


It. K twill and (Jujrat. 


March 1st, left Kiirniclii. 

Hid. Thiitha (Tati a). 
9th and lotli. I<ftkh|>ttf . 
1 5th and Kith, Itlmj. 


1857. 

March loth, Gulf of Khch. 

„ 21st and 22nd, Itajkbt. 

April 2nd, Surat. 

„ 4th, llnmbay, per steamer “Lowjoo 
Family”. • 


('. Ceylon. 


1857. 

April tih to 17th, Bombay. 

.. 17th to 21st, limn hay to (Mile, per 
steamer “Mnnia”. 

.. 21th to 2litli, Kohmibo. 


April 2tlth to 30th, Kandi. 

May 3rd to 4th, Nurelia. 

„ Ilth to 14th, (Mile; left per steamer 
“Nubia”, for Europe. 


Mr. Mouti'irn nfrompanied Hubert only so fur us l’ind Dadau Khan; from this place lie took 
Imuts, and vent to Multan; thence by river strainer to Kilmichi, where lie remained during the month 
of March. Arrived by steamer in Bombay, April 5th. During Robert's visit to the interior of Goylou 
he remained at (hille. 
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XII. RETURN TO EUROPE, VIA EGYPT. 
25. Hermann, Robert: Overland route. 


A. Hermann. 

1857. 

April 23rd, left Calcutta per steamer “Bengal”. 

„ 26th, Madras, 

May 1st to 4th, G&lle, 

„ 13th, Aden, 

„ 20th, Suez, 

„ 22nd to 30th, Kairo, 


B. Robert. 

May 14th, left G&lle per steamer “Nubia”. 
„ 23rd, Aden. 

„ 28th, Suez. 

„ 31st, left Kairo. 


June 2nd, Hermann and Robert left Alexandria per steamer “Bombay”, for Trieste. 
„ 8th, arrived at Trieste. 


XIII. ADOLPHE’S LAST JOURNEYS. 

On tlie 17th. December, 1856, at Raulpindi, we took leave of each other, and set 
out on separate routes. This was the last time we saw our unfortunate brother. 

His plans were, at one time, to go to Bombay by a more easterly route than 
Robert, after revisiting the fossiliferous outer ranges of the Himalaya. He deter min ed, 
however, again to examine the Karakorum chain and to visit the Kuenluen and the 
countries to the north of it. 

The details of his last journeys, and their fatal termination, are given separately in 
No. HI. of the General Introductory Reports. 


26. Adolphe: Punjab and outer ranges of the Himalaya. 

1856-7. 

December 13th, left Raulpindi. 

„ 16th, Atak. 

December 18th to January 30th, Peshaur with 
excursions. 

January 31st, visit to Dost Mohammad and en- 
virons of the Khaiber pass. 


February 


5J 

March 


April 


1st to 5th, Kohat. 

10th to 14th, Kalab&gh. 

16th, Musakel. 

2 3rd to 28th, Dera Ismael Khan. 
9th to 20th, Lahor. 

5th to 20th, Kangra. 


In Pesh&ur he was invited to accompany Sir John Lawrence to J&nrud, on his official interview 
with Dost Mohammad, the ruler of Kabul. 


27. Adolphe: Himalaya, Tibet, and Turkistan. 

The data for this journey are less precise than those for the preceding' ones. 
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1857. 

July 9th, crossed the Karakorum chain by 
the pass north of Aks&e Chiu, which 
lies three inarches south-east of the 
Karakorum pass, by a new and 
entirely unfrequented road. 

„ 20th, crossed the Kuenluen . near 
A ICarangolak. 

August 1st to 5th, environs of 'SArkand, Shamla 
Khoja, Negsiir. 

( A Kokiar. 

& Kessoli. 

moiu.li oi \ A Ohmnehuig. 

August, I Yungsar. 

\ Kashgar, where he was killed. 

XIV. ADOM’UK'K KHTABUKHMENT. 

Before starting for Turkistan, Adolphe despatched the different parties of Ms 
establishment upon tin* following routes:-- 

a) A party of plaid, collectors was disci larged by him in Laliol and wont vi k 
Kisldvar to Kashmir, thence to India. 

h) A. second pally returned from Liwlnk, by Lahdl and Kiilu, to tlioir native 
villages near Kangra. 

c) The native doctor, lhirkishen, was loft by Adolphe in Laliol, and was ordered 
to visit at a later period Spit i, Kiimiur, and Bissur. When, after some time, no news 
of Adolphe had reached him, he returned to Peru and Almdra. 

After Adolphe’s death, his followers were partly dispersed; two of Ins chief 
servants some time , afterwards communicated to us, amongst other information, the 
routes t hey had respectively taken after the sad catastrophe. As they had been for a 
long period in our service, as well as his, they had gained some experience in travel- 
ling. and were better able to define am l give an account of their marches, than natives 
in general would have been able to do. 1 

1 It in well known tlmt thin wits the Name way in whieli, Home yetifH ago, valuable information wan obtained 
by Mir I/.zet Ullnli, a native servant of Mooreroft, of tin* same eountries, first explored at a inter period b,y our brother 
Adolphe anil imuxoIvom. 


April 20th, left Kangra. 

May 5th, Sultfmpur, Kulu. 

„ 15th to 2(>tli, Kardong, Laliol. 

„ 31st, Bara Lacha pass. 

Juno Utli, Ghangohonmo, avoiding Leh, for 
greater facility of crossing in dis- 
guise the Tibetan frontier. 


l. 



34 


GENERAL INTRODUCTORY REPORTS. 


28. Harkishen’s route. 


1857-8. 

31st to June 9th, glacier group round the October 6th, KMlsi on the Jamna. 

southern flanks of the „ 11th to December 11th, Dera, in the Dera 
BAra Lacha pass. Dun. 

14th. to July 25th, Kardong, the chief place December 14th, Tiri, ) 


of Lahol and its environs. „ 
August 11th to 21st, Trdnkar in Spiti. „ 

„ 25th, Shalkar. March 

September 2nd, Nisang in Bisser. „ 

„ 3rd to 31st, down the Bispa valley, 
along Puari and across 
the Gunass pass. 


in Garhval. 

18th, SnnSgger, J 
25th to March 2nd, Almora. 
5th, Srinagger, in Garhval. 
17th, Dera. 


29. Route from Kashgar to Kokand, made by the guide Abdul, native of Peshaur, 
after our brother's death. 

Abdul, before proceeding on this journey, had been taken prisoner and sold as a 
slave. For details, see p. 62. 

1858, May to July. 


Kishgar. 

A Karaiil, 3 Chinese post station. 
Minggial, tents inhabited by 
Kirghises. 

A Khansuvalak. 

A Kargasbhnkane. 

/A Okhsalur. 

A Yiskechik. 

A Irin or Yerin. 

A Ikisak, foot of Terek Derail. 1 2 

across the Terek Devan o 
A Sofi, or Alsiige. 

A Archalik. 

A Supeneke. 


Kissilgorgan, j 

Gulsha, f Tents inhabited by 

Kablankal, l Kirghises. 

Karvankal, 

A Saukechuk. 

A Madu. 

Osh or Ta.kht-i-Suliman, 

Aravan, 

Tolmasar, 

/Naphtha an<1 pe " T° wns inhabited 
Margelon, jtroleum springs are / ^ Kokandis 

(in the enyirons, I 

Karaul Dlpa, 1 

Kokand, 


by Kokandis. 


1 The sign A indicates halting places, generally uninhabited. 

2 A pass (Devdn) east of it is called the Shert Devan, and is crossed by the following road: 

A /irin or Yerin. Akhtash, foot of Shert Devan, in the Sayan Shan, 

A Tokai p4shi. across the Shert Devan to A Kurokhkalla. 

A Cher ka tal. A S6fi or Alsiige, and thence by the ordinary road 

A Y eballakarcha. to Kokand. 
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30. Kokand, via Samarkand to Bokhara, "by the guide Abdul. 

1858, July to end of September. 


Kokand. 

Jfsak, 

Levi Deriau. 

Yakorgan, 

Ksekos. 

Khisbobruk. 

Khuchand. 

Samarkand. 

Nau. 

Karessu. 

Kisseli. 

Kiltegorgan. 

Uritpa. 

Karmina. 

Tsdmum. 

Bokhara. 


Good road; inhabited places all the way. 

31. Bokhara, via KiuuMx and Badakhshan to Kabul and Peahaur, by the guide 
Abdul. 

1859, end of September to December 15th. 


October, Bokhara. 
Kaftan. 

Knshmugdruk. 
Karelii. 
ltalkli. 

Shall iniardan. 


October, Kbulin. 

November, Itunduz. 

„ Paizabad, chief place of Badakhslian. 

December 1st, Kabul. 

„ 10th, Jcllalabad. 

„ 15th, Bcsbanr. 


32. (Iiiiile Mohammad Amin’s previous journey from Osh to Tashkent!, 1855. 


Kor completing the routes in Centra] Asia, we annex a very interesting route 
which was traversed by Mohammad Amin (our chief guide during our travels in 
Turk ist uu) in tlie summer of 1855, from Osh to Tashkend, the most northern 


military frontier post of Kokand, on the Hussion. frontier. 


Osh. 

Kashgar Ksltlak, village. 
Aiidlslmn, ) towns on the 
Namangan, \ Sir Deriau. 
Taitak, foul of a pass in the 
Kindirtaii range. 
Baviite Abdullah Khan. 


A Toitipa. 

A Biskilt. 

A Telau. 

A Kurruma. 
A Obfkcliik, j 
Tashkend, j 


on the Sir Deriau. 
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B. ESTABLISHMENT. 

We had beea authorized by the Government of India to engage the establishment 
required for our mission immediately upon our arrival; and as the selection of the 
assistants, both as to number and qualifications, was entirely left to our own discretion, 
we found ourselves at liberty to engage those persons best suited for our purposes. 
Accordingly we found that, after sufficient training, we could entrust some of them, 
even in our absence, with magnetic and meteorological observations at fixed stations, 
corresponding with those made by ourselves during our journeys in the neighbouring 
countries. 

The assistant Lieutenant Adams and the draughtsman Abdul remained perma- 
nently attached to Hermann; the others used to travel, sometimes with one, some- 
times with the other of us; very often they were sent out on lateral routes, and 
even performed journeys of considerable extent by themselves. 

The ethnographical remarks, which we give about the tribes and the countries 
they belong to, may tend at the same time, we think, to a clearer apprehension of our 
general mode of travelling. 

I. OBSERVERS. 

1. Mr., afterwards Lieutenant Adams. 

This gentleman was engaged by Hermann, at Calcutta, and from March, 1855, 
was head assistant to him throughout his travels. After Hermann’s departure to 
Europe, he continued still engaged with observations till March, 1858. 

In him we found a most talented and energetic coadjutor, who very materially 
contributed to the progress of our mission. His important journey in Upper Assam, 
as well as his observations in the Rajmahal Hills,, are deserving of particular mention. 

2. Abdul, a Mussulman from Madras, but of Hindu origin. 

This native held an appointment as draughtsman and assistant surveyor in the 
office of the Quarter Master General of that Presidency, who was kind enough to place 
him officially at our disposal in February, 1855. He became Hermann’s second 
assistant, and continued so till nearly the completion of the travels, when he died, 
at Calcutta, in April, 1857. 
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Abdul had travelled alone on several routes in Sikkim, made the boat voyage 
from Sikkim to Assam by an independent route (along the Tista), and was attached 
to Lieutenant Adams during the latter’s examination of the Dihing. His death is a 
subject of sincere regret to us. 

3. HiRKfsHEN, Brahman from Almora in K&maon (Himalaya). 

Before entering our service in April, 1855, he had been attached as a native 
doctor to the hospital at Almora. He was our (Adolphe and Robert’s) chief assistant, 
and rendered us important services by his zeal and diligence in general, as well as 
by the accuracy of his observations. He was also superintendent of our plant- 
collectors. Ho could write, but not speak, English, and labelled, in Hindostani and 
English, our ethnographical collections. 

During our travels in Turkistan, in 185G (Hermann and Robert), he remained at 
Loll in charge of our magnetic and meteorological observatory. In Raulpindi he again 
became attached to our late brother Adolphe’s establishment, and accompanied him as far 
as LaluM, when lie was instructed to follow a separate route through Tibet and the Hima- 
laya. hi the different, provinces of these mountainous countries — where he spent nine 
months, from dune, 1 857, to March, 1858 — he made a series of observations deserving 
of all praise. 

On all occasions wo found him to be a very honest, trustworthy, and intelligent 
native. As a medical attendant, lie was also very valuable to us, from his knowledge of 
surgery and of the use of simple remedies. 

•!. Mu. Da niki., an Imlo-Briton (Eurasian), accompanied us (Adolphe and Robert) 
only from Calcutta to Kiimaon and (larhval, between March and September, 1855. 
We discharged him at his own request. 

5. Ei.na/.ah, a guide in the Quarter Master (lenoral’s Department, of Bombay, 
was ordered to join us at the commencement of our journeys. 

This man was a dew of the black tribe, 1 which is known to have been settled 
for a long time in India. He was with us (Adolphe and Robert) till Robert’s return 
to Europe, May, 1857. He acted as an excellent guide during our travels in India 
Proper, and even in the Himalaya we could safely entrust him with the superintendence 
of the transport of our instruments and collections. He was also frequently engaged 

1 Spp: llittor, Krdkumlii von Anhui. VoL IV., p. 598. 
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■with success in surveys of a less • difficult character, and could read correctly the 
meteorological and minor surveying instruments. 

6. Salm6nji, from the same office as Eleazar, also a coloured Jew from Bombay, 
accompanied us from Puna as far as Madras ; he then obtained leave to return round 
Ceylon to Bombay. 

7. RamohInd, a Hindu munshi from Peshaur, seems to have been but a short 
time with Adolphe, who took him into his service at that place, about the end of 
December, 1857. 

8. MoHijtMAp HIssan, was a native of Lahor or Peshaur, whom Adolphe 
had engaged as a munshi nearly at the same time with Ramchand. He could write 
English, Hindostani, and Persian, and doubtless proved useful on many occasions, though 
bis character must certainly be considered as a questionable one. He travelled with 
Adolphe as far as the frontier of Turkistan, where he treacherously left him, just 
at a time when our brother was in a most precarious situation. Several witnesses 
stated that he took with him one of. Adolphe’s horses. (See p. 48 and p. 60.) 

H. INTERPRETERS. 

During our travels in Tibet and Turkistan, and also in some parts of Sikkim, 
we had to engage different men, who knew Hindostani as well as the languages of 
the countries which we were traversing. Besides filling their office as interpreters, they 
occasionally gave us valuable geographical information about the countries bordering 
upon our line of route, and proved of great use in our linguistic inquiries about 
dialects and geographical nameB. 

9. MXni (full name Man Singh), a Bhot-Rajput, the member of an influential 
and wealthy family from Johar, in northern !Omaon (Himalaya), was charged, during 
two summers, with the difficult arrangements of our travels in Tibet, during which 
he proved of the most essential service to us by his excellent behaviour. He 
was the only one of our establishment whom we trusted sufficiently to take with 
us to Turkistan. Mani is also well known as a faithful servant to the British 
Government, who have made him the Pfttvari, or' head man, of Johar, a district of 
K&maon. 



ITINEBABY, "WITH AN APPENDIX ABOUT THE ESTABLISHMENT. 


39 


His father, Devi Singh, who is still alive, was the companion of Moorcroft, in 
1812; and he himself had once been engaged by the Stracheys, during their travels 
in Tibet. 


10. .DdijPA, Maui’s cousin, a subordinate attendant during onr travels in G-n&ri 
Khorsum, was made, by Adolphe, his interpreter and chief guide for Balti. He was 
rather a rough kind of man, but full of courage, energy, and devotedness. 

11. Nain Singh, another relative of Mani, a well disposed and intelligent 
native, went with us (Hermann and Robert) to Ladak, in 1856. He took a great 
interest in our operations, and though at first unacquainted with instruments was soon 
taught their use, as he showed a very great desire to be able to read off the scales 
mid write tlie readings in English numbers. He could also read and write Tibetan, 
During our travels in Turkish®, lie remained at Leh, where he acted as assistant to 
Hnrkishcn. 


Wo bad proposed, and with, apparent acquiescence on his part, to take him with 
us to Europe; hut, like all hill men, ho was too much attached to his native mountains 
to bring himself to leave thorn, and lie unexpectedly wont away from us at Raulpfndi, 
leaving behind a long letter of apologies. 

12. Mohammad Ajm In, a. rather aged Turkistani, from Yarkand, rendered us 
most faithful and important services during our expedition to Turkish®,. He had 
formerly earned on extensive trading operations between Tibet and the Russian 
frontier, which seemed to Imve brought him into great trouble, with the Chinese 
(iovorinnont. 


•His manner of treating the natives, and the cordial reception every where given 
to him, plainly showed that amongst his countrymon he was a, well known personage, 
mid considered as a man of great respectability and influence. It is principally owing 
to his excellent arrangements, carried on under difficulties which seemed at first 
insurmountable, that we found it possible to penetrate to the north of the Jvuenhien. 

He was also Adolphe's chief guide during his last and fatal journey to Yarkand 
and Kashgar. As far as we art) able to judge, no blame whatever can be attached 
to him in commotion with the murder of our brother. 

Fmv persons have travelled more in the western part of Central Asia, or are 
better acquainted with the different routes of that region, than Mohammad Amin. 
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13. Maksh^t, an Indian Mussalman from Dehli, who had been settled for a long 
time in Ladak, was our Turkish interpreter in Turkistan, as Mohammad Amin knew 
no Hindostani and very little Tibetan, and Mani was acquainted with Tibetan and 
Hindostani only. 

Makshht was decidedly wanting in energy; so much so, that when difficulties, 
physical or political, arose, he would try his utmost to induce us to return. This, 
however, must in some measure be excused on the score of his delicate health, which 
rendered hi m incapable of bearing up against the fatigues and hardships of the 
journey. 

14. Oh^ji, a Lepcha from Tassidingin, in the Sikkim Himalaya, afterwards a 
settler in British Sikkim, was originally engaged as a plant collector; but he soon 
distinguished himself so well that I (Hermann) made him my chief interpreter for 
Bhutia and Lepcha. He was with me a whole year, and from Assam accompanied 
me to Bhutan, where again he was most useful in my interview with the head Lama 
of Narigun. When sent forward with two Bhutia companions towards Tauong, how- 
ever, he did not succeed in making more than a few marches. 

III. COLLECTORS. 

The number of the people employed for assisting in the collection of natural 
history varied much according to circumstances. A few only were attached to our 
establishment at a fixed salary; but we occasionally engaged a greater number, when 
we re main ed a longer time than usual in one place. 

In general we met with great difficulties in bringing together the number of 
people required. Prejudices of caste, real and fictitious, and the want of energy, 
which is so general a characteristic of the natives of India, obliged us to make 
frequent changes; at a later period of our travels, however, we succeeded in making 
a fair selection of the most active and intelligent amongst them, and some, as mentioned 
below, remained with us a considerable time, and worked very well. 

15. Mr. Monteiro, an Indo-Portuguese, of Calcutta, was general superintendent 
• of the collectors, besides having the special charge of the zoological collections. 

As far as possible, we always arranged for him to remain stationary at those places 
where we could send him down materials to be worked. He knew his business thoroughly, 
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and always evinced great activity. He entered our establishment in April, 1 855, and 
was engaged on the zoological preparations a year after our departure from India. 

16. 17. DAblong, a Bhutia, who had formerly travelled with -Dr. Hooker, and 
Chagi, a Lepcha, who went with Hermann over Assam and Bhutan to Calcutta, 
were plant collectors. Dablong died 1857. 

18 to 22. Amongst the people engaged by Adolphe and Robert for longer 
periods of time, between 1855 and 1857, we especially name, as having been very 
useful and active persons, the shooters, 

Liim and JohAb Singh, from Almora in Kdmaon and the plant collectors, 

Kids una and M6hon Singh, from the same place, and StfxHA, from Gvalior in 
BsindolWii'ind. 

IV. SERVANTS. 

For completing the sketch of the establishment which accompanied us, we add 
yet a few words more about the servants. We will not go into detail upon what 
has been already so often described, and is so well known in England, as to the 
great number of personal and office servants required in an Indian establishment. 

In a fixed residency, a, numerous retinue is not inconvenient, as the wages are 
pretty low, but) when travelling in mountainous districts, or thinly inhabited countries, 
it becomes a. matter of serious importance, on account of the difficulty of moving with 
large bodies of people. 

We made many attempts, with but partial success, to got our servants to do a 
g renter amount and variety of work for a higher rate of wages, and thus reduce 
their number. It was impossible, however, to do with loss than eight or ten in India 
Proper, since many more, servants arc absolutely necessary for the Indian mode of 
travelling than are ordinarily required in Europe: such as Kalassis (or Laskars), for 
tent pitching; Hhistis, for fetching water; (Ihasvalas, for cutting grass; Saises, for 
attending to tlm horses; Ohaprassis (or Firms), for procuring supplies; Olmukedars, for 
guarding the camp at. night; Dhobis, for washing, Ac. 

As one instance, connected with caste, which seriously interferes with work, we 
may mention that, nearly every one of our establishment thought it necessary to pre- 
pare his own food, a process which materially reduced the time available tor our 
purposes in the case of nearly every one of the attendants. 


i. 


6 
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In the Himalaya, where the native races, particularly those of the higher valleys, 
are not so prejudiced and much more active, we were enabled to get on with 
comparatively few men, especially where we could procure horses or yaks (bos 
grunniens) for the transport of our luggage. When we travelled in disguise we messed 
together with the people of our caravan, who were on such expeditions always very 
few in number. 

. Qn one occasion our camp presented a most interesting variety of tribes and 
creeds, and for the time being might almost be said to form an ethnographical museum 
of living specimens. This happened upon our return from separate travels in different 
parts, when we all three met at Kashmir with our several establishments charged 
with one summer’s collections. Besides the many divisions of Indian castes, the following 
religions were represented: Christians, Mr. Monteiro, and one native Christi an, a laskar 
from Madura, in Southern India; Hindus from different parts of India and the Hima- 
laya, Buddhists from Tibet; Mussulman Turks from Yarkand, and Mussulmans from 
India aid Balti; a Jew (Eleazar), and a Pars! (fire-worshipper), both from Bombay. 
The languages spoken by these natives were, Hindostani, Bengali, Gruzerati, Maharati, 
PUnjabi, Kashmiri, Persian, Tibetan, Turkish, and Portuguese and English, 

Of all our private servants we here name only the Parsi, Dhamji, who was 
Hermann’s chief servant. Dhamji was the only one who remained with us from the 
beginning to the end of our travels, and was absent during those expeditions only when 
we were obliged to travel in disguise. A few months after my (Hermann’s) departure 
to Europe, he nearly lost his life, and was severely wounded, in attempting to give 
assistance ‘to Europeans at the fearful massacre at Kanhpur (Cawnpore). He proved an 
excellent butler, honest and trustworthy in all the various transactions with which he 
Was charged, and distinguished himself by the care which he always took to maintain 
a general friendly spirit in the camp. 
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1. Verbal statement of the. native doctor Hurkisbcn. 2. Statement made by Diluting from Johar. 3. Information 
contained in the Delhi Gazette, and general remarks of Capt. Strachey. 4. Eeport from Mfoni and Mim Smgli. 
5. Verbal Statement of Kitttali Ali Shah from Y&rkand. 6. Statement of Goslit Mohamad, one of Adolphe’s 
servants. 7. Letter from Mr. Vardouguino, Russian Consul at CMguchak. 8. Second report from Mr, Vardouguine, 
forwarded to Baron Budbcrg by Mr. George Kowalewski. 9. Letter to R. Temple, Esq., Secretary to the Chief 
ConniiiHsioner of tho Ranjal). 10. Verbal statement given by the Kashmiri, Abdullah, an attendant on Adolphe. 
11. Letter from Muhammad Amin of Yarkand to Colonel Edwardes. 12. Concluding remarks. 

W„; ha, vo to fulfil the melancholy duty of presenting here in a collected form 
the reports in reference to the -unhappy fate of our beloved brother Adolphe. He fell 
a victim to his scientific zeal at Kashgar, in Turkistan, August, 1857. In him we 
lost, a dear brother, in the prime of his youth 1 and activity, a companion, in travels, 
the recollection of which, notwithstanding all hardships and difficulties, would be a 
cheerful oiks if it. were not also connected with this sad event. The numerous friends 
he found wherever lie passed will know liow to appreciate our Iosb. 

The important share which lie took in all our scientific and artistic labours 
will ho apparent in the course of those publications, and prove the most lasting 
memorial that can be erected in order to preserve his name. 

The various reports which we received from India and Russia, collected from 
natives by lOuropean officers of the adjoining districts, do not all agree as to the 
immediate cause and particulars of his death; yet it is evident from all of them that 
the political condition of these countries, and the circumstance of the deceased’s being 
recognized as an officer of the Indian Government, in spite of every precaution he 
took, essentially contributed to his tragic end. Even, with the lively sympathy always 


6 * 


1 ![<• WiiK lint* u at Muniuli, Mm* tif.h January, 1821). 
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so energetically evinced by England for the fate of scientific travellers, it will scarcely 
be possible to succeed in bringing the murderers of our brother to account. Ac- 
cording to some reports, he perished through taking up the cause of some captive 
Bhot-Rajputs, British subjects, and from using his influence to prevent them from 
being put to death, or sold as slaves. Other accounts state the immediate cause of 
his death to have been, that he was recognised as a European by some fanatic Muss&l- 
mans, and put to death by their hands. 

Many very important geographical communications have been made to us by his 
followers, and we are not Without hope that, from the active sympathy which the 
Indian government has always displayed in our scientific mission to India and High 
Asia, no efforts will be left untried which may tend to the recovery of the papers that 
were in his possession at the time of his death. Up to the present time, March, 
1860, we have, however, only received a parcel of his drawings, but no letters and no 
manuscripts. 

We owe the reports 1 respecting the fate of our brother Adolphe to the exertions 
of the following gentlemen: 

I. Captain Henry Strachey, 66th Gorkhas, of Almora (Himalaya), who, in conse- 
quence of his scientific journeys in the Himalaya, and in Western Tibet, was in a 
position to select the persons on whose reports the most reliance could be placed, and' 
was thus enabled critically to elucidate their statements, as he has done with the greatest 
attention. 2 

H. G. Knox, Esq., and Sir Alexander Lawrence, Assistant. Commissioners of Kulu 
and Kangra (Himalaya). 

Mr. Knox found an opportunity of making inquiries of the Yarkandi, K&ttah 
Ali Shah, at N&gger, a place at a very great distance from Yarkand; Sir Alexander 
was also fortunate in obtaining information from a servant of our late brother. 

HI. Mr. Vardouguine, Russian Consul at Ohuguchack (Central Asia), whose reports 
we have received through the kind offices of Baron Budberg at Berlin. Notwithstanding 


1 We had already printed these reports for private distribution in May, 1859. 

The reports collected by Captain Strachey were communicated by him to the Asiatic Society of Bengal, and 
are printed in No. IV., 1858, pp. 374 to 388, and in No. II., 1859, pp. 166 to 170, of the Asiatic Society’s Journal. 

A part of these reports is also contained in the Proceedings of the Royal Geographical Society, London, 1858-9, Vol. III., 
pp. 144 and 172. 
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the distance, these reports have reached ns in a remarkably short time, a circumstance 
lor which we are indebted to the active sympathy of Prince Gortschakoff. 

IV. Lieutenant Colonel Edwardes, C.B., in whom Adolphe, when at Peshaur, 
had already found a warm friend. This energetic officer, by making use of the influence 
of his important political position, has recently been exerting himself to the utmost 
to obtain the latest definite information relating to our ill fated brother. 

In addition to the above, we had repeatedly received general accounts of Adolphe, 
accompanied with expressions of the most cordial sympathy, both through the medium of 
the Indian press, and also from the private communications of the following gentlemen: 

The Rev. H. Jaschke, Missionary at Lahol (Himalaya), 

A- C. Gumpert, Esq., Consul for Hamburg and Oldenburg at Bombay, and 
K. Schiller, Esq., Austrian Consul at Calcutta, 

Lord Elphinstone, Lord W. Hay, Major Bamsay, the Hon. W. Elliot, E. Bowring, 
Hsq., Private Secretary to Lord Canning, W. Bussell, Esq., Correspondent of the Times 
during the Indian rebellion, and others. 

Wo have further to acknowledge the important assistance we have received, iii 
collecting information respecting our deceased brother, from Lord Stanley, Colonel 
Sykes, and Sir Roderick Murchison, in England, and from our kind and venerable 
friend, the Into Huron Humboldt. 

Our own observations are included in brackets, [ j, and are also given in foot notes. 
The verbal statements of native witnesses are distinguished by inverted commas, “ 


1. REPORTS 00 ERECTED BY CAPTAIN HENRY STRACIIEY. , 

1. Verba 1 . Statement ok the native Dootob HXiurfsHEN.* Alm/ira, August, 1858. 


“Adolphe Sehlagintweit crossed 
“Rupc.hu, a province of Ladak, i. a., 
“taking with him: 


the Bara Lacha pass from Darche, in .Lahol, into 
from India to Tibet, on the 31st of May, 1857, 


1 For (lisiail silioul tln\ person , h buns niimUmifid, mso the general list of our establishment, given as an Appendix 
to tin* Itinerary, p. JJlI. 

In consequence of our giving the statements of the native witnesses literally and almost without any alteration 
wo could not of course avoid the occasional repetition of the expressions of the deponents, nor the opinions that 
they gave of the character of the attendants of Adolphe. 

A reference to the general list of our establishment will, however, show discrepancies existing between their 
opinions and ours, 
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“1. Mohammad Amin, native of Yarkand, chief guide, 

“2. A Yahudi (Jew), engaged as second guide, 

“3. Mohammad Hassan, of Peshaur, munshi, 

“4. Abdul, of Kashmir, - i 

1 domestic servants, Ac., 

“5. Ghost Mohammad, of Muradabad,) 

“6. Murli, of Bh&gsu in Kangra, ) , 

chaprassis. 

"7. Maula Baksh, of Muradabad, and others ) 

“ The first of these, Mohammad Amin, was- a person of questionable antecedents, 
“nominally a merchant, trading between Yarkand and Leh, but said also to have 
“acted in the capacity of a gang-robber on the road between those places. 

“Being at Leh, in 1856, he was arrested by the Dogra thanadar, Basti Bam, for 
“debt, at the suit of sundry merchants, or for other reasons, and released on the 
“application of Hermann and Robert de Schlagintweit, who engaged him to act as 
“guide for their journey towards Khotan, in the summer of that year, the account 
“of which is on record. 1 On their return to India, in the autumn, he was discharged, 
“and remained at Leh, where he soon got into trouble again with the Dogra Government. 

“Some say that the agents of the Chinese Government in Yarkand having heard 
“of his bringing European travellers across their frontier (which is high treason in 
“their code), offered a reward of 1000 rupis for his apprehension, and perhaps coerced 
“some of the Kashmiri residents at Yarkand to work upon their friends in Ladak 
“and Kashmir for the same object, which Gulab Singh and Basti Ilam possibly also 
“turned to a mercantile transaction. 

“However this may be, Gulab Singh having ordered his arrest and threatened 
“to hang him soon after the Schlagintweits’ (Hermann and Robert’s) departure, he fled 
“from Ladak into Kulu, where Adolphe found him, at Sultanpur, in April, 1857. 

“There had possibly been some previous arrangement between them. Any way, 
“he was again entertained as interpreter, guide, and baggage master for another 
“journey into Turkistan. 

“As a specimen of his veracity, it may be mentioned that he informed me that he 
“was to have a monthly salary of 2000 rupis whilst travelling with Mr. Schlagintweit, 
4 ‘and a monthly pension of 1000 rupis after he had brought him back safe to India. 

1 Hfirklshen alludes to our official Report, No. 8, Agra, Secundra Orphan Press, 1856; see p. 7. 
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“Major Hay, Assistant Commissioner of Kulu, probably knows more of Mohammad 
‘‘Amin’s history.” 

[So far H&rkishen, We have already given our -very favourable opinion about 
Mohammad Amin at p. 39. 

The name of the Yahudi, the Jew, mentioned as the second guide, was not known 
to H&rlushen. This is not so surprising as it may appear. It sometimes happens, 
that natives go only by the name of their caste or their native place. The name of 
the Yahudi is Murad; he is a native of Bokhara. We saw him first in Ladak, after 
our return from Turkistan, when he gave us much valuable information about the 
various routes in Central Asia, and have always found him to be a very trustworthy, 
respectable native. 

Hiirklslien says about him:] “He was commonly called ‘Yahudi’, i. e. ‘the Jew’, 
“ was a native of Yarkand and dependent of Mohammad Amin: they had some baggage 
“ponies with them, and four Turkish grooms or baggage-men, all of whom were en- 
“ gaged for the journey. The third man, Mohammad Hassan, of Peshaur, was engaged 
“by my master its a rmmshi, when ho was at that place, in December, 1850, and he 
“assisted him also in scientific observations and accounts.” 


[To this statement of H&rkishen, Captain Strachey adds:] The last documentary 
evidence of Adolphe’s movements written by himself is a letter to Hiirklslien, dated from 
Changclienmo, in Ladak, June 14th, 1857, a postscript to the same, stating that it was 
not sent till the 24tli inst., and one or two notes for sundry payments of money, of the 
latter date. The letter consists chiefly of instructions to HKrklshen, and of himself 
Adolphe only says: “1 am quite well, and at present all things seem to go on pretty-right,” 
but as it also mentions two dak parcels, one for Lieutenant Charles Hall (Assistant 
Commissioner of Bhagsu), sent by the same dispatch for transmission to Kangra, I think 
o flier persons may have no doubt received letters from him, and also particulars of 
his history up to that time. 

[But no letter has as yet reached us. The Rev. H. J&schke also, missionary at Lahdi, 
who about the same time received letters from our brother (copies of which he had 
the kindness to send us), could not give us any other information about his later 
movements.] 
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These letters to Jaschke and Hfirkishen were brought from Ladak by the chaprassis, 
Murli and Mania Baksh (Nos. 6 and 7 of the above list), who joined Hfirkishen at Kar- 
dong, in Lahti, on the 20th of July, 1857. 

It appeared from the statement of these men (made to Hfirkishen) that, “before 
“they left Adolphe, the miinshi, Mohammad Hassan, had gone off, taking with him 
“one of his master’s (or Mohammad Amin’s) horses, some little money, and other 
“articles belonging to Adolphe. The chaprassis were directed to overtake him if 
“they could, recover the property, and make it over to Hfirkishen in Kulu. This 
“they succeeded in doing, but left the munshi himself in Ladak, whence he probably 
“made his way to Kashmir and Peshaur.” He gave them a letter for his master, 
which they brought to Hfirkishen, and which is still extant among his papers, written in 
pencil in broken English, excusing his sudden departure on the scoi'e of inability to 
endure the hardship of such a journey any longer, and admitting a balance of 72 rupis, 
of which he gave the chaprassis the account, but did not pay the money. 

[This letter we now have in our possession.] 

It must be observed that Adolphe makes no allusion to all this, in his letter to 
Hfirkishen; from which it may perhaps be inferred, that he did not attach much im- 
portance to the munshi’s desertion. 

Hfirkishen, when at Dera, in November, 1857, gathered from Captain Mont- 
gomerie, an officer of the Great Trigonometrical Survey, and his native doctor, that 
they had. been in Ladfik during the past summer, and that Adolphe had left Leh 1 
or its environs before their arrival there, and that they knew nothing more of him. 

From the locality of Adolphe’s last dispatch, Changchenmo, at the north-east 
end of Ladak, I [Captain Strachey] infer that he crossed the Turkish watershed to 
the east of the Karakorum pass, properly speaking perhaps to Suget, thence following 
approximatively the route taken by Ms brothers the year before, towards Kilian and 
Khotan. It appears that he had laid in a stock of merchandize in India, with the 
view of facilitating his journey by trade, or the appearance of it. 

[We also carried with us merchandize instead of money, chiefly rich Indian cloth, 
silks, &c.] 

Adolph© had not been in Leh during* this journey. 
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2. Statement made by Bhtjtias, prom JohXr. Alm<5ra, August, 1858. 

From the Bhutias of Johar, who obtained their information from Kas hmir is of Ladak 
at the fair in the autumn of 1857, I [Capt. Strachey] have heard, that Adolphe had 
succeeded in reaching the margin of the inhabited country at the foot of the mountains 
north, of the Kuenluen. “There,” they said, “he went out from his camp some way 
“ to reconnoitre, and in his absence the miinshi Mohammad Hassan absconded, with most 
“of the baggage and cattle, 1 towards Yarkand. Adolphe Schlagintweit, being left helpless, 
“sent back some of the Ladalci baggage men he had brought with him with a letter 
“ or message to the thanadar of Leh, requesting him to send assistance in men, cattle, 
“provisions, and money.” "Whether for the purpose of continuing his attempt to pene- 
trate into Turkistan, or merely to return to Lad£k with less hardship, does not 
appear. 

When his messengers arrived at Leh, they found Basti Ram’s son in authority 
there, the thanadar himself being away in Kashmir. The son is said to have 
refused the required assistance. More probably, he was too silly and timid to 
act upon his own responsibility, and referred for instructions to his father, or Grulab 
Singh the Rajah of Kashmir, at the expense of great delay and danger to Adolphe. 

3. Information contained in the “Dehli Gazette”, and General Remaeics oe 

Captain Steaohey. Summer, 1858. 

The following accounts are derived from letters, which were published during 
the summer of 1858 in the Dehli Gazette , from a correspondent of that paper, apparently 
at Simla, and obtaining his information from merchant travellers from Lad&k. 

From these letters it may be gathered that Adolphe passed the winter of 1857-8 
at the foot of the mountains [of the Kuenluen] on the border of Khotan, on this 
side of the Chinese outposts, among the same tribe of shepherds, perhaps, who 
gave his brothers a friendly reception the year before. On bis arrival there the 
provinces of Kashgar and Yarkand were in a very disturbed state, in consequence of 
one of those invasions of the Turks from Kokand which have been recurring 
periodically every ten or twenty years during the past century. 

1 Besides the animals of burden, such as horses and yaks, travellers in these regions are always obliged to take 
with them a living stock of sheep, goats, & c. for their support. 


I. 


7 
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On these occasions, the foreign invaders being joined "by the Turks of the country, 
they usually succeed in driving the Chinese garrisons into their forts and subverting their 
government for a time, till reinforcements come from the Chinese provinces further 
east, -when the rabble of Turks soon becomes disorganized, the Kokandis retire to their 
own country, and the people of Yarkand and Kashgar are left to settle their own 
accounts with the Chinese, which is sometimes done by wholesale massacres of the Turks 
of those cities. 

The invaders are commonly headed by one of the Khojahs of Andishan, 1 a family 
who ruled at Kashgar before the Chinese conquest, about 100 years ago, and who 
still aspire to the recovery of their former dominions. 

An unsuccessful invasion and rebellion of the TurliB, as here described, occurred 
when I (Captain Strachey) was in Ladak in 1847-8. On the present occasion the result 
is said to have been the same. 

So long as the Chinese were in the ascendant, Adolphe Schlagintweit would have 
had little chance of penetrating the inhabited country to so great a distance, as they 
have outposts on all the roads across their frontier, and from the rarity of population 
and traffic, individuals are easily marked, and moreover he would hardly have 
been able to disguise himself enough to bear scrutiny. 

. A European traveller attempting to pass any of these outposts would probably 
be stopped and turned back, and extra precautions taken against ldin all along the 
frontier, hut if detected after penetrating the inhabited country to any distance he 
would more probably be murdered. 

The English and Kokandis are, generally speaking, in no hostile relations, and 
from his brothers’ and his own successful antecedents in the Yarkand country, Adolphe 
might possibly have met with a friendly reception there. On the other hand, the 
Kokandis, as is usual with the Turks of this country, are on bad terms with all their 
neighbours, including the Russians, who are steadily encroaching on their north-west 
frontier. All this again would have added to his difficulties in getting away from 
their country. 

1 Andishan is a large town, to the east of Kokand; its connection with other places is given p. 35, route 32. 
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4. Reports oe Mani anu Wain Singh. Alm6ra, January, 1859. 

Mani and Wain Singh, from Malum in Johar, had left Adolphe at Peshaur, in 
January, 1857, and had returned to their own country during the next three months, 
makin g a few observations by the way. After this they had no further com- 
munication with him, except by a message sent in March, 1857, through me, which 
requested Mini to join Adolphe again either at Kangra, in April, or later in Ladak. 
This, however, Mani did not attempt. 

% 

Going as usual to the G&rtok fair in the summer of 1857, Mani heard only 
some vague reports about Adolphe from traders of Ladak, the substance of which is 
already given (see Wo. 2, p. 49). 

In September, 1858, Mani, being again at the Gartok fair, obtained some further 
information about Adolphe, chiefly from Wurpur, a native of Sunam in Einaur, trading 
to Ladak and Yarkand. This person was himself at Yarkand in 1857. Wurpur 
said: “When Adolphe Schlagintweit arrived in that quarter, the Turks of Kokand 
“were already at or near the city. He himself did not enter the town, but his chief 
“guide, Mohammad Amin, 1 did so, and left it again, either before, or during the siege, 
“though under what relations with his own master or the insurgent Turks is not 
“known to me. 

“As the siege continued and the Chinese were shut up in their citadel, they 
“obliged the inhabitants of the place to take part in the fighting, and also a lot of 
“foreign merchants, including about forty five of the Bisseris, of whom fifteen only 
“returned, I (Nurpur) being one of them; the rest were either killed or made prisoners 
“by the Turks. 

“After the siege was raised, I heard that the S&hib (Adolphe) had joined the 
“camp of the Turks, and had been at first well received by them; on their retreat 
“towards Kokand, he accompanied them as far as Kashgar. As the hordes of Turks 
“were carrying off with them a lot of their prisoners, to be kept or sold for slaves 
“(according to their custom) some of the Bisseris 2 being among the number, the 
“Sahib tried to assist .them, remonstrated that they were British subjects and should 

1 According to the more probable information of Abdul (see No.' 10, p. 61), it was not Mohammad Amin, but 

Murad, who entered the city to get information. a 

2 We had travelled, a great deal in the country of the Bisseris. 


7* 
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“ Tbe released. On tlis arose a dispute : the Turks accused him of taking part with 
“their enemies, and ended by killing him.” 

Maui also said that Nurpur had certificates from the Chinese authorities of 
Yarkand, testifying his services in the siege, and promising him some reward at a 
future opportunity. 

The above account of the Bisseri, hfurpur, was confirmed by 6mar, an Argon 1 of 
Lad&k, who had received letters from his friends at Y&rkand to the same effect. 

• 

II. INFORMATION RECEIVED FROM G. KNOX, ESQ., ASSISTANT COMMISSIONER OF KltLU, 
AND FROM SIR ALEXANDER LAWRENCE, ASSISTANT COMMISSIONER OF KANGRA. 

5. Verbal Statement oe KXttah Ajli Shah, from YArkand. Examined at NAgger 

in Ej6 xtt, September 28 th, 1858. 2 * * 

“Last year in the month of Sevan (July, 1857), viz. 14 months ago, the Andishanis 
“ came to Yarkand to fight "with the Chinese, and I went to Kargalik, two days 5 journey 
“south of Y&rkand. The Andishanis took me and all the Panjabis, Kabulis, Kashmiris 
“and Hindostanis, in all some 40 or 50 persons, prisoners; at that time two Andishanis 
“and a miinshi were accompanying a S&hib who was coining from the Ladak side; 
“these three men ran away with the Sahib’s property and came to Kargalik; there 
“they stopped in the house of one Kurban, and they said to him: ‘We have some 
“property for sale, do you take it?’ When he had sent for the property and examined 
“it, he found it to consist of 12 or 14 yards of valuable embroidered cloth, a quantity 
“of ordinary cloth and some other property also, but I did not see it with my own 
“eyes. Kurban having seen the things, went and reported the fact to Haji Misser, 
“Kard&r of the Andishanis, saying that these men were poor and had nothing of their 
“own, and that they must have robbed somebody of this. Haji Misser sent for them 
“ and intimidated them, questioning as to where they got the property, and whose 
“it was. 


1 Argon is the name of the mixed races of Yarkandis and Ladikis. 

In this, as in tke other statements, we have not made any alteration in the language, which often presents a 

faithful picture of the native mode of expressing ideas. 

Kattali Ali Shah’s statement is printed in the Journal of the Asiatic Society of Bengal; No. I., 1859; p. 57, &c. 
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" They at first asserted the property was their own, but' when threatened severely, 
“ they stated that Mohammad Amin had brought a Perlnghi , 1 and that they had stolen 
“these articles and were escaping with them. Haji Mlss er asked where the Ferlnghi 
“was; they replied: ‘God knows, he was on his way to Y&rkand; if he was gone 
“there, he will have arrived at the village of Kalian.’ Haji Mlsser therefore sent two 
“or three of his own men, and told them to go and fetch the Sahib; they, therefore, 
“went to Kllian and brought the Sahib from thence to Kargalik, and Mohammad Amin 
“was also with him.” 

[It may be surprising, that Mohammad Amin should not have been selected as 
interpreter at the following interview; but we, as well as Adolphe, could only 
speak through interpreters with Mohammad Amin, who, in addition to Turkish, 
his native language, knew only a little Tibetan and somewhat more of Persian, but no 
Hindost&ni whatever. Mani and Makshut were our interpreters. Out brother’s inter- 
preter seems to have been the runaway munshi; Abdullah is not mentioned here.] 

“Nobody understood the Sahib’s speech in the country; they searched therefore 
“for somebody who could understand him, in hope of finding some one who could 
“understand Hindostani or Panjabi. I was in confinement, and they took me to the 
“place. Haji Mlsser told me to ask the Sahib why he had come there. I asked the 
“Sahib; he replied that there was Shazadah, son of Mohammad Shah, living in the 
“Andishan country, and he had visited him (Adolphe) in Lahor, and had said: ‘Do 
“you come to Andishan, Sahib, and I will establish friendly relations between the Navib 
“of AndisMn and the Sahibs.’ It was on this account that he was on his way to 
“Andishan. Haji Mlsser confiscated all the Sahib’s property, and put the Sahib in 
“confinement, and sent him to Zullah. Khan, a principal Sirdfir. When they put the 
“Sahib in confinement he said to. me: ‘No one here understands my language, and 
“my belief is, that these people will kill me. Should you go to that side of the 
“country, by Kulu, tell tills matter to Hay Sahib; if you go by Kashmir, tell it to 
“whatever Sahib you meet.’ After this the Sahib went away. On the day that the 
“Sahib went to Sirdar Zullah Khan, on the same day the Chinese force came to fight 
“with the Andishanis; and the Andishanis fought for half an hour, and then ran away 
“and took the Sahib with them. When the Chinese force came, all the Andishan 

1 Feringhi is, in India ajad Control Asia, the general designation, of a European, the term being a modification 
of the 'word Frank. 
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“Kardars ran away, and we 40 or 50 men who were in confinement got free. I 
“afterwards heard that Dil Khan, the great .chief of the Andishanis, had’ taken the 
“Sahib’s property and put. him to death, but I only heard this from report of travellers 
“from Kashgar and Y&rkand; I did not see it with my own eyes.” 

[When K&ttah Ali Shah was asked by Mr. Knox, whether he knew any thing 
of the property of the Sahib or his servants, he said:] “No, I do not know any 
thing about them. I only saw the Sahib and Mohammad Amin Moghul.” 1 2 

6. Statement or Gosht MohImmad, Adolphe’s Servant. Examined at KIngra, 

July 10th, 1859. 

“Besides me and several chaprassis, my master had with him the following munshis, 
“who could all write English: — 

“1. Ramchand, whose house is near the city of Lahor. He was engaged at 
“Peshaur; in reaching Kardong the Sahib sent him to Kashmir, saying, he would rejoin 
“him vi& Yarkand. I do not know where this munshi is now, I have not heard of 
“him since. 

“2. Harkishen, native doctor from Almora. He left us at the foot of the Bara 
“Lacha pass, and went by Lah.61, Splti, Bisser and Gahrval to Dera, where he gave 
“over all the instruments he had to the office of the Surveyor General of India. 

“ 3. Mohammad Hassan, a native of Peshaur, accompanied us nearly as far as 
“Ladak, but had to return, as he suffered a good deal from ophthalmia, * 

“We left Bhagsu about the end of April and marched on through Kulu to Riipchu. In 
‘Kulu my master met Mohammad Amin Moghul, who had accompanied his brothers to 
“ Turkistan, and Murad, the Jew, who knew Ms brothers from Ladak. As the Sahib 
intended to personate a merchant, he bought in Kulu 40 horses and some cloth, and 
“at the same time mounted three of his servants. After completing all his prepara- 
‘ hems, he set out with the intention of going to Kokand. When we came to Rupchu, 
“Mohammad Amin said he would take my master by the ordinary route to Kokand; this, 
however, he did not wish. Mohammad Amin therefore took another route, and after 

1 Moghul is the general designation of the Turks in Central Asia. 

2 All the other reports most positively state that he absconded; but it may be quite true that he suffered from 

ophthalmia, a very general complaint, caused by the glare of the vast snow fields. _ 
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“marching for some days we reached, after great difficulties, a place where the water 
“was very salt; 15 horses died here. About this time, I, who continued to remain 
“with the Sahib, fell sick, and he wished to send me back with Miirli, 1 but I said 
“I would rather remain. Here we had considerable difficulty in finding the road; at 
“last we discovered a pass, on which lay a heap of stones, for marking the place 
“where a murder had been committed. This pass is not far from Stiget, whence the 
“road branches off to Karakdsh. 

“After proceeding two marches from Suget, we halted ; the S&hib always occupied 
“one tent, his servants another, and the camp followers encamped all round. 
“During the night, three men who had been engaged in Kiilu walked off with 
“21 horses and other property; a fruitless search was instituted after the thieves; of 
“the 21 stolen horses, 11 had such sore backs and were so lame that the thieves 
“abandoned them. 

“TYom this point my master again returned to the pass above Suget, where he 
“remained some days, and then proceeded in the direction of Yarkand; but in the road 
“he fell in with three men who told him, that there was a good deal of fighting going 
“on in Yarkand, and advised him not to proceed any further. He accordingly 
“again returned to the pass, in the neighbourhood of which he remained about 
“a month, and then, being still very anxious to reach Yarkand, if he could possibly 
“do so, he again set out. I, however, got very ill, and as we happened to meet a 
“caravan of merchants proceeding from Yarkand to Ladak, he entrusted me and 
“some of his collections to the care of these people, who should take me back as far 
“as Lad&k. He gave the merchants a hill for 50 rupis, and to me one for 30 rapis, 
“both drawn on the thanadar of Laddk, Moreover, he gave me a draft of 250 rupis, 
“on Kangra, and a horse for my use. I received orders to proceed from Ladak. to 
“Bhagsu. On reaching Ladak, I presented the first bills to the thanadar, who refused 
“to cash them. 1 therefore remained in Ladak three months, and as the merchants 
“became very importunate on account of not receiving the 50 rupis, for which my 
“master had given them a bill, I sold my horse for 54 rupis, and out of the money 
“thus realized, paid the merchants their 50 rupis. The caravan belonged to hupa Shah 
“from Yarkand. 

“I have not heard anything more about my master.” 

1 This chapr&ssi was seat bach with Maula Baksh to Lahol. See p. 48. 
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III. INFORMATION RECEIVED FROM THE “DEPARTEMENT ASIATIQUE” OF ST. PETERS- 
BURGH, THROUGH BARON BUDBERG, RUSSIAN MINISTER AT BERLIN. 


7. Letter from Mr. Vardouguine, Russian Consul at Chi! guch ak. 1 


Ch^guchak, 


Doeomber 81 at, 1858. 
January 11th, 1859. 


Although, the following information must tend to increase the general sympathy 
which is felt in the fate of the renowned and universally respected traveller, Adolphe 
Schl&gintweit, they unfortunately offer no consolation to his brothers. 

In the autumn of 1857, at the time of the insurrection against the Chinese in 
Turkist&n, which was headed by Buzruk Khan, a nephew of Jehangir Haji, a Fermghi 
(European) came to TurMstan from India 2 , giving himself out for a merchant. 

Having received the permission of the Chinese authorities to proceed to Kashgar, 
the traveller unfortunately arrived on the day when Buzruk Khan made his entrance 
into the town. The next day he presented himself before the latter to obtain his 
permission to extend his journey into Kokand; Buzruk Khan, however, taking him 
for a Chinese spy, caused him to be murdered. It has been asserted that lie declared 
to Buzruk Khan before his death, that his murder should not remain unpunished, as 
no means would he neglected to find him. This report has occasioned a belief in the 
country that “this European was a person of high importance, belonging to the 
Feringhis who govern India”, i. e. that he was an Indian officer. It is also asserted 
that the four Europeans composing his retinue 3 were also murdered. The person, 
through whose agency I obtained these details, did not know whether he was also 
accompanied by Mussalmans. All the effects of this traveller are said to have been 
taken by Buzruk Khan on his return to Kokand. 

It is further reported that this traveller came from India, intending to proceed 
through Tibet to Kokand, or, in the event of being prevented from doing so, to return 
as he had come. His name is unknown. All that I can learn respecting him is that 
he was very tall [at least in comparison with the much smaller races of Central Asia]. 
I obtained these statements on inquiring of the head man of a large caravan from 


1 Chiiguchak, in 4G° 9' N. Lat., 83° 7' Long. E. from Greenwich, is a Russian station, south of the Zaisang lake. 

2 The name Sikemarata, given in Mr. Vardougoine’s original letter as the name of a little town from which he 
is supposed to have come, must refer to the country of the Sikhs, the Punjab. We are unacquainted with any town 
bearing this or a similar name. 

3 This appears to be an error. He had no Europeans with him. 
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that place, whether any Europeans had fallen in the rebellion in TurMstin. Un- 
fortunately the statements I received, especially .as to the routes 1 , agree but too well 
with the points to which my attention was directed, as being essential ones in reference 
to the person about whose identity I was commissioned by the Asiatic Department, 
in November, to make investigations. 

8. Second Report prom: Mr. Yardouguine, porwarded to Baron Budberg by 
Mr. George Kowalewski, St. Petersburgh, March 1859. 

Prince Gortschakoff has already communicated, in his dispatch to your Excel- 
lency (Baron Budberg) of the of February, some information which Mr. Yar- 
douguine, acting as our Consul at Ohuguchak, had forwarded to him, ■ and which 
appears to have some hearing on the fate of Mr. Schlagintweit. According to a fresh 
report, dated from the same official, it would appear that this ill-fated 

traveller had not four, but only three companions, who did not share his fate, but 
saved themselves. Mr. Vardouguine brings forward a circumstance which, however 
indefinite it appears, may still not be without weight for those who personally knew 
Mr. Schlagintweit, in establishing his identity. The traveller, who is said to have 
been killed, is described as having a mole (tdche mturelle) under his right eye. 

[Our brother certainly had no such mole, but it is not impossible that some 
scarred wound, of which we know nothing, might be meant.] 

In communicating this information, I consider it useless to observe how little 
credence should be attached to it. The inhabitants of those distant regions where it 
was collected, generally speaking, make no scruple of modifying their reports at 
pleasure, especially when Europeans are concerned. 


1 Our letters, in consequence of -which Prince Gortschakoff had the kindness to institute inquiries, contained details 
about our brother’s possible routes to Turkistan, and also about those which he might have adopted in order to reach 
the Russian territories. 


I. 
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IV. REPORTS COLLECTED BY LIEUTENANT COLONEL H. B. EDWARDES, C.B., 
COMMISSIONER AND SUPERINTENDENT, PESHAUR DIVISION. 

9. Letter or Colonel Edwardes to R. Temple, Esq., Secretary to the Chief 
Commissioner of the PanjAb. PeshAor, December 18th, 1858. — Political 

Department. 

I am not aware whether the Chief Commissioner has yet received a reliable 
account of the circumstances attending the death of the German traveller, Mr. Adolphe 
Schlagintweit; but, at any rate, it will be satisfactory to the .Government, as well as 
to his friends, to be able to compare the enclosed narratives of the sad events. 

The first [No. 10] is the verbal statement of one of his followers, a Kashmiri 
named Abdiillah 1 , who arrived here via Bokhara and Kabul three days ago, December 
15th, 1858. 

The second [No. II] is the written report of a native of Yarkand, named Moham- 
mad Amin, who appears to have been provided by Lord William Hay, as a kind of 
agent, or chief guide, to Mr. Adolphe Schlagintweit. He writes from Kokaiul, and Ab- 
dullah is the bearer of bis letter. 

Prom these statements, which appear to me substantially trustful, it seems that 
Mr. Schlagintweit was impelled by a desire to find a road to Yarkand which need 
not pass through Ladak ; that he reached Yarkand ; found that country harried by 
fanatic Mussulmans from Kokand; and passed on to Kashgar, where the same fanatical 
raids where going on, and the leader of one of them, a Sayad, named Vuli Khan, 
seized him and barbarously caused him to be beheaded, without any other offence, 
apparently, than that of being a foreigner. 

If anything could soothe the distress of Mr. Schlagintweit’s friends in Europe, it 
would surely be the noble contrast between the enlightened purpose and humane 
search for knowledge which bore him into those wilds, with his life in his open 
hand, and the barbarians’ frenzy for -the propagation of error by the blood of his 
fellow men. 

I have sent by separate ^ parcel a slip of paper, and a broken pocket telescope, 
which were the only relics Abdiillah could bring away with him. 


1 His full name is Abdullah Mohammad. 
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[We have received these articles. The handwriting on the slip of paper is cer- 
tainly that of onr brother; but it is beyond all doubt that it had not been written 
during his travels in Turkistan ; it is dated “Peshaur”, and was probably written in 
December, 1856. It seems to be a rejected label, belonging to a specimen of his 
ethnographical collections. 

The telescope, which Abdullah says had been bought of one of the people who 
stole our brother’s property, was certainly not his; it looks as if it had been 
purchased in a native bazar of Peshaur, and is of such rude external appearance 
that our brother cannot even have taken it with him as a present for natives; it only 
magnifies once and a half, and gives the images very badly defined. 

We have communicated to Colonel Edwardes our strong doubts as to whether these 
articles were actually found amongst our brother’s property in Turkistan, and we have 
requested him again to cross-examine Abdullah, and at the same time to keep in 
mind the improbability of his statements, at least in reference to these alleged relics.] 

10. Verbal Statement given by the KashmIri, Abdallah. 

“About two years ago, when the Amir of Kabul came to pay a visit 1 to Peshaur, 
“my master was in Peshaur, and I was employed under him as a sepahi of the guard. 
“After much travelling in the Panjab, he went to Sultanpur in Kulu, where he got 
“acquainted with Mohammad Amin of Yarkand, whom Lord William Hay had sent 
“for the purpose. 

“Mohammad Amin was obliged to go for protection to Lord William Hay, to be 
“safe from G-ulab Singh’s prosecution. 2 

“Also the officer, named Basti Earn, who was posted at Ladak, as a thanadar, by 
“Maharajah Grulab Singh, bore very ill feelings towards Mohammad Amin, because he 
“had shown to Europeans, the brothers of my master, the way to Yarkand. 

“At Sultanpur, the chief place of Kulu, the Sahib stopped for some days, with 
“a view to arrange with Mohammad Amin for the journey. He then sent his baggage, 
“under the care of Mohammad Amin, by the direct road to Kardong, and he, with 

1 This official visit took place at the end of December, 1856. Our brother, Adolphe, -was in the suite of Sir John 
Lawrence, when he had his interview with Dost Mohammad Khan, at Jamriid, near PesMnr. See Itinerary, p. 32. 

2 See p. 40* 

8 * 
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“myself, the native doctor Harkishen, and Gosht Mohammad, the butler, went there via 
“the BAnghal pass. In KArdong he halted five days, sent his munshi, Ramchand, and 
“two chaprAssis to Kashmir, purchased 60 horses and provisions, and with the munshi, 
“MohAmmad HAssan, a native of Peshaur, Harklslien, Gosht Mohammad, myself, and 
“MohAmmad A min of YArkand with his three followers, proceeded to Ladalc. When 
“we reached a place three days’ journey from Leh, Mohammad Amin pointed out to 
“the SAhib a road, via Sirikul to Kokand, which he proposed to follow. The master 
“consented to this proposal, ordered Harkishen, two chaprassis, and two other men 
“employed in the survey office to return to Hindostan, sent one chaprassi with his 
‘‘heavy baggage to LadAk, and he with myself, MohAmmad Amin, and some other 
“followers, went to ChuBel [near the Tsomognalari, the great salt lake of Pangkong]. 
“There he hired sixty porters and with them set out. 

“After three days’ journey, munshi MohAmmad Hassan of Peshaur, having taken 
“away at night one of the SAhib’s horses, ran away and carried off with him his hook 
“of accounts. The Sahib sent a man named RAhiman, a native of Balti, to search for 
“him and lent him a horse to ride on; but he also never returned. We halted three days 
“in the same uninhabited country, and then, taking Mohammad Amin and two natives 
“of Tibet, the master went away alone to discover the way. By means of a telescope 
“ he at last found a way, and started with his baggage ; but we soon missed the proper 
“route, and after a weary journey came by the side of two small lakes, the water in 
“one of which was reddish and in the other greenish, but both bitter [saline], so that 
“all his followers, through despair, began to lament and sigh to return. 

[The difficulties of travelling, here described, perfectly agree with what we also 
had to experience during our passage over the chains of the Karakorum and the 
Kuenluen.] 

“Upon this my master dismissed some Tibetans, together with one chaprassi, by 
“name Murli. . He then with myself, MohAmmad Amin, and his three followers, Gosht 
“MohAmmad, and two Tibetans, resumed Ms journey, and on his way met with only 
“a single house, situated in a desert tract of country, from which the city of Elchi, 
“the capital of Khotan, was distant by three days’ journey. 

“ All our way had Mtherto lain through an uninhabited country ; for our master 
“had selected a new route, marked it with stones as he went along, and made a sketch 
“ of it. This was a way wMch led straight to Yarkand, without passing through Leh ; 
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“ but with the exception of a few inhabited huts [on the Tibetan (southern) side of the 
“Karakorum] in some places, the whole of the tract was an entire wilderness. We, 
“however, did not proceed from -this single house, situated at three days marches from 
“ Elchi, in the direction of this city, but turned towards Suget, where we stayed three 
“days. Mohammad Amin here again urged upon the Sahib not to proceed to Yarkand, 
“but to Sirikul, and thence on to Kokand. We consequently set out for Sirikul. 

“ On the third day we arrived at the summit of a pass where, the same night, 
“snow fell to a great extent; here the horses we had were all taken away by the 
“ servants of MoMmmad Amin, but we next morning went in pursuit of the robbers, 
“ and Mohammad Amin with one of his servants, who was a Jew, also accompanied us. 
[This must have been Murad.] 

“We at last recovered seven horses from the thieves, and sent Mohammad Amin 
“and his servant ahead to search for the rest. Mohammad Amin had not instigated 
“ his men to rob our Sahib of his horsfcs, but they, of their own accord, had done the 
“deed. On our return, we asked the Sahib to retire down the pass in order to be 
“safe from the severity of the cold, and to get provisions. He accordingly descended 
“ from the pass, and reached A Sayad-ulla Khoja, where Mohammad Amin also came up 
“with the three remaining horses which had been stolen, and despatched his servant, 
“by name Murad, the Jew, to Yarkand, to bring information of the wars that were 
“then going on there. The Jew returned, and reported that it was the Khan of Kokand 
“who had been making war. We therefore, without hesitation, set out for Yarkand; 
“G-osht Mohammad, under the protection of a caravan, was sent back to K&ngra 1 . 

“After his departure, we passed through Kargalik and Tozgan 2 3 , and arrived at the 
“camp of Dil Khan, Sayad of Kokand, who had come with an armed multitude to 
“make a religious war with Yarkand. His camp lay outside the city, and about an 
“hour after our arrival, the army of the Khatais®, which formed the garrison of the 
“city, came out to encounter the besiegers on the open field, and routed them, and 
“obliged Dil Khan to fly. Mr. Schlagintweit, likewise leaving all his baggage there, 
“fled with his followers to Negsar, and thence went to Kashgar. Here another Sayad 
“of Kokand, named Vali Khan, who had likewise come on a religious expedition had 

1 See p. 55 and p, 64, 

2 These places are respectively two days’ and one day’s march distant from Yarkand. 

3 Khatai is the name given to the Chinese in Turkistan. 



62 


GENERAL INTRODUCTORY REPORTS: 


“succeeded in getting the throne of K&shgar; Mr. Schlagintweit desired an interview 
“with him, but it was refused, and a guard was sent to apprehend us. 

“They accordingly carried us prisoners into the presence of Yah Khan, who ordered 
“Mr. Schlagintweit to be beheaded, and so the order was instantly carried out. Yali 
“Khan did not ask any question of* Mr. Schlagintweit before his murder, and he was 
“executed outside the city of Kashgar. He was allowed no burial, but a man, named 
“ Atta Bahi, a native of Yarkand, had collected his bones, and Mohammad Amin assured 
“me that he 'would send them over to India, via Ladak. This tragedy occurred about 
“seventeen months ago [August, 1857]. 

“YMi Khan then sent me and Mohammad Amin of Yarkand, and Murad, the Jew, 
“and a native of Tibet to prison; and afterwards sold me as a slave to a man called 
“Tuzak, for 25 rupis, by reason of my being a native of India. 

“A month after, an army of Khatais came and expelled Sayad Vali Khan of 
“Kokand, together with the inhabitants of Kathgar, who took refuge in Kokand. I 
“ also accompanied the fugitives, and on my arrival at Kokand, a Sayad of Peshaur, by 
“name Mian Khalil, procured me freedom by paying to my master, Tuzak, the amount 
“which he had paid for me. 

“After I was set at liberty, I stopped in Kokand for ten months, during which 
“time I sent three petitions to the King intimating that Mr. Schlagintweit had been 
“ murdered, and praying that justice might be done to him. But the King of Kokand, 
“without giving me any reply, tore up all my petitions. When I was in Kokand, it 
■ “was the season of winter, and, consequently, I never went out to see the country. 
“I met Mohammad Amin of Yarkand at Kokand who advised me to return to 
“India, and said that he would again apply to the' King of Kokand for justice in the 
“case of Mr. Schlagintweit. Meanwhile the King of Bokhara prepared to make an 
“inroad on Kokand, upon which, fearing bad consequences from a longer stay at Kokand, 
“I went to Bokhara. On my departure from Kokand, Mohammad Amin gave me a 
“Persian letter for delivery to Colonel Edwardes, in Peshaur, which - 1 now present. 
“Prom Bokhara I came to Balkh, from Balkh to Kabul, and from Kabul to Peshaur. 
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11. Letter prom MohXmmad AmIn op Yarkand, to Colonel Edwardes. K6kand, 

. July 29th, 1858. 

I met Mr. Schlagintweit at Sultanpur in Kulu, then went with him to Lah6l, 
and over a pass reached Rupchu. 

Here two roads diverge, one leading to Leh, and the other to Chusel. My master 
asked me to direct the way to Aksae Chin, we consequently proceeded thither, and 
passed through Changchenmo, and having crossed a high ridge [this is the Karakorum 
chain], we came up to the road leading to Aksae Chin 1 . We arrived at a place, 
whereabout two forts were situated. The one was said to have belonged to Sikander, 
and was situated on the flanks of the Yurungkash pass. [We ourselves also passed, 
with MoMmmad Amin, through Sikander Mokam, on the 18th of August, 1856. It 
is a small fort and now deserted; it seems never to have been anything else but 
a fortified place, and was never permanently inhabited. The name of Alexander 
the Great, after whom it is called, is well known to the inhabitants of Turkistan, 
partly in historical, partly in more fabulous form, and appears several times with- 
out any real connection, and quite unexpectedly, in geographical terminology.] The 
other fort lay on the banks of the Karakash, which is one of the streams that flow 
through Khotan. 

Travelling along the Karakash river [and after having crossed the Kuenluen], we 
came down the main stream of Khotan, and passed through Sayad-ulla Khoja which 
was intersected by two roads, one connecting Yarkand with Tibet, and the other 
leading to Tashkorgan, Osh and Kokand. 

We halted at Sayad-ulla Khoja for five days. It was twenty days’ journey from 
this to Osh, via Tashkorgan, and five days’ journey to Yarkand. 

My S ahi b told me that the way through Tashkorgan and Osh was very long, 
and that to Y&rkand comparatively short, and that he would take the latter. I 
remonstrated that the latter was a dangerous, and the former a safe, way. He then 
sent Murad, the Jew, to bring information from Yarkand. The Jew returned after 
eight days in the company of eight caravans, and reported that the Khan of Kokand 

1 It is a characteristic of Mohammad Amin that he complains very little about the difficulties of the. road, in 
comparison with Abdul. 
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had -wrested from the people of Khatais [Chinese] the provinces of Kashgar and 
Yarkand. 

I, however, discredited the report, and said that the real Khan of Kokand would 
never undertake such a distant expedition ; but that within the last twelve years some 
of the B&ra Sahibs [great men] of Kokand, who were Sayads by birth, having collected 
vagabond outlaws and all sorts of rabble, made frequent inroads on Kashgar, some- 
times succeeded in defeating its governors and occupying their throne, and at other 
times were repulsed by the Chinese army and obliged to retreat, and that one of them, 
Chikchik Khoja, had once fallen into the hands of the army of Khatais, and was 
since in confinement. If wars were going on at Kashgar, I added, they must have 
been waged by these Sayad fanatics, and not by the Khan of Kokand. 

My master nevertheless persisted in going to Yarkand [evidently, — because the road 
to K&shgar and Kokand was equally dangerous on account of the disturbances in this 
direction, and because the distance to these places was also much greater]. He sent 
back Gosht Mohammad the butler, in company with a caravan, to Kangra. 

We then set out for Yarkand; on our approach, the inhabitants of that place 
treated us with great courtesy, and furnished us with provisions; Mr. Schlagintweit 
also gave them presents suitable to their several ranks and deserts. 

From thence we proceeded to Kashgar which was then occupied by a Khoja of 
Kokand, who had defeated the original governor and wrested from him his provinces, 
but the army of Khatais was also encamped outside the city, and laid siege to a fort, 
called Gul-Bagh, situated about a mile from the town. 

The Mussalmans of the garrison every day came out and gave them battle. 
The fight was going on when we arrived; the Mussalmans asked who we were, Mr. 
Schlagintweit replied that he was the Honourable East India, Company’s envoy, and 
was going to the Khan of Kokand. TJpon this they got into a rage, and ordered 
Mr. Schlagintweit to be beheaded, and me with my followers to be thrown into prison, 
and plundered of all our property. During the thirty five days of our confinement, 
my two servants died and the third was missing. 

Meanwhile the army of Khatais, having been reinforced from Malm Chin , 1 over- 
powered the Khoja, and obliged him to fly. I consequently got my release, placed 

1 Malta Chat, i. e. Great China or China Proper, as distinguished from the Chinese province of Turkistan. 
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the remains of Mr. Schlagintweit in charge of Murad, for safe custody, and proceeded 
to Kokand. 

I have been eight months in Kokand; and as the way to Kashgar remained 
blockaded during that time, and no traveller could pass to and fro, I could send no 
message to you; however, lately envoys have been sent to, and received from, Kashgar, 
and peace restored; and the Khan of Kokand has deputed a man, named Aha. Sikal, 
to Kashgar to bring about the state of affairs on the old footing. I shall therefore, 
shortly leave for Kashgar and proceed to Peshaur with the remains of my unfortunate 
master. 

12. Concluding Rehaeks. 

The latest news which we have received from India about Adolphe, is contained 
in a letter of the 27 th November, 1859, from the Rev. H. Jaschke, missionary at Lahol. 
He derived his information from a man, recently returned, whom he had prevailed 
upon Hari Chand to despatch in August, 1858, to Yarkand, for the purpose of rnalH-ng 
inquiries about our brother’s fate. This man confirms most positively the general 
correctness of the former sad intelligence. He found out that our name had been 
transformed by the Turkistanis into Sdladin. 

Mr. J&schke’s communication allows us also to hope, that we may still receive 
some of our brother’s manuscripts, instruments, and collections. 

Prom Russia we hear quite recently (end of April), through the kind exertions 
of the Imperial Geographical Society of St. Petersburgh, that the son of a Kirghis 
chief, by name Vanikoff, has just returned to St. Petersburgh from Kashgar, and 
given an account of his journeys to the Society. He most positively confirms the 
accounts as to Adolphe’s sad fate, who, according to his statement, was killed by Haji 
Misser. 


i. 
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IT. TRANSCRIPTION. 


System adopted. A. Vowels. JB. Diphthongs. 0. Consonants. D, Phonetic Accents— Linguistic*. Experiments. — 

Alphabet used for Transcription. 


The transcription of words from tlie different languages of India, including 
Tibetan and Turkish for High Asia, has, throughout our journeys, been an object to 
which we have always endeavoured to give an attention proportionate to its difficulties. 
Our principal object has been to define, to the best of our ability, the phonetic sound 
of the words. "Whenever it was possible, we followed the native orthography; hut in 
cases where this orthography was indeterminate as to the vowels, or too complicated 
in the system of consonants, we have always deviated from it. 

Where the provincial forms were found to be well defined or modernized, we 
kept them unaltered, in conformity with the rule adopted in geographical works. For 
a few of the familiar and most generally used names, such as Calcutta, Ganges, Indus, 
Madras, &c., we have retained the established European mode of spelling. 

We are not Oriental scholars ourselves, but had acquired a sufficient knowledge 
of Hindostani to converse with the natives — such an amount of acquaintance with the 
language being in itself indispensable, both in India, to facilitate intercourse with 
followers and servants, and in the territories beyond English influence, which are 
generally inacessible to Europeans, to enable the traveller to assume disguise with 
more chance of success. Though we could never have hoped to pass as natives in a 
country where Hindostani was the native language, the difficulty was far less in Tibet 
or Turkistan, where the chief requisite in speaking with our interpreters was fluency, 
and not correctness. 

The systems adopted for the transcription of Indian languages are very numerous. 
Our researches referring almost exclusively to physical geography and natural history, 
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we thought it important to adopt a system as little complicated as possible, and at 
the same time to preserve an alphabet, not differing too widely from the letters 
generally used in typography. Tor writing the names on maps also, it is very 
convenient not to have too many distinctive signs added to the letters; for they are 
easily overlooked, when they happen to coincide with the lines of shading on the map. 
Besides, a simple method makes it so much easier for the general reader in following 
our researches and in remembering the names connected with them 1 . 

A. VOWELS. 

As will be ■ seen from our Alphabet, we generally write the vowels on the 
German or Italian system of pronunciation, a system already introduced by Sir 
William Jones, and, with Borne slight modifications, now almost universally adopted. 

Amongst many others who write in accordance with similar principles, we need 
only mention: Wilson, Hooker, Thomson, Muller, and Eastwick 2 , in England; Bopp, 
Lepsius 3 , Lassen, and Weber, in Germany. In the Presidency of Madras, it has also 
been officially introduced of late 4 . 

B. DIPHTHONGS. 

This class requires particular notice here. In modern European languages there 
are instances in which the spelling of diphthongs is phonetically incorrect, as will be 
seen when we dissolve the diphthongs into their two component vowels, by pronouncing 
the latter very slowly, as in singing, an experiment which we found exceedingly valuable 
in many doubtful cases. By doing so, it is easy to perceive that, if we wish to write 
phonetically, the German' words “ heute (to-day)”, “ Eigenschaft (quality)”, sound like, 
“ haute", “ Aigenschaft” ; the diphthongs in the English words, “ loudly ”, “silently”, sound 
like, “ laudli ”, u sdilentli ,, . tl 

These examples, at the same time, serve to show that, if the accentuated syllable 

1 A simple mode of writing also much facilitates the printing of translations, and of abstracts in scientific 
periodicals. 

2 Eastwick. Handbooks for India. 2 vols., Murray, London, 1859. "We take this opportunity of acknowledging 
the valuable information contained in these volumes, which have proved of essential service to ns, especially in 
what relates to Southern India. 

3 In the details of transcription, his well known researches in connection with a general alphabet (Standard Alpha- 
bet, London, 1855) have been very important to us. 

4 Allen’s Indian Mail, November 28th, 1859. 

6 We add, not to be misunderstood, that we are far from alluding to alterations, as little desirable in English 
as in the German, in cases where orthography is based on history and firmly established by universal usage. 

9 * 
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contains a diphthong, the accent, contrary to the adopted mode of writing it in 
Greek, aways lies on the first vowel, even when the diphthong is in the antepenult. 
When placed otherwise, the two vowels no longer form a diphthong, hut are separated 
by dkeresis. 

a CONSONANTS. 

In reference to the consonants, simplicity could not be obtained without entirely 
omitting many distinctions of the Oriental alphabets. 

In the Geographical Glossary, which will be embodied in the third volume of 
our publications, we have endeavoured to transcribe, with greater accuracy, the different 
native consonants. We retained, however, as far as was possible, the English alphabet, 
since for most general purposes it is sufficiently complete, and has besides for centuries 
been intimately associated with Indian geography. 

Z). PHONETIC ACCENTS. 

To each word of more than one syllable we have given a phonetic accent. 

Although signs for distinguishing the accented syllable are generally considered 
unnecessary in a complete system of transcription, where the quantity is marked in 
full, yet in the more simple system here adopted, we have thought it advisable to 
ensure correctness and facility in the pronunciation of the names by the regular 
employment of the phonetic accent. 

When the accent falls upon a diphthong, we place the sign over the first vowel, 
in accordance with the principles explained above. 1 

In rapid conversational utterance there is seldom any diff iculty in distinguishing 
the syllable upon which the principal accent lies. In compound words, indeed, some 
embarrassment arises as to the disposal of the accent when one only is to be used; for 
several syllables may here be pronounced with equal stress, or nearly so, as is often 
the case with many German words. However, though but one accent is used in our 
system, this will at least serve to exclude the possibility of a wrong syllable being 
accentuated, and, what is more important, obviate the danger of a misapprehension, or 
total misunderstanding, of the word. 

Before our departure from India, we had made an engagement with Sayad 
Mohammad Said, an intelligent munshi, from Calcutta, who was recommended to us 
by the well known orientalist, Professor Sprenger, as one of his best scholars. He 
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accompanied us to Europe, and remained in our service a year and a half. The munshi 
was well versed in Bengali, Urdu, Persian, and Arabic; but English he had yet to 
acquire after his arrival in Europe. In consequence of his unacquaintance with 
European languages, we were at some loss how to dispose of him at Berlin, during our 
first short visit to England, immediately upon our return from the East; but Doctor 
Dieterici, Professor of Arabic and Persian at the University of Ber lin, cam e forward and 
most kindly offered to take charge of him. The munshi evinced great interest for the 
work in which he was engaged under our superintendence. The results will be given 
in the glossary. 

As an instance of the important assistance we were enabled to derive from the 
native articulation of Indian names, we may mention the following: On our return, 
via Trieste (June, 1857), we took the munshi with us on a visit to Professor Briicke, 
in Vienna, who proposed to us several very successful experiments. One of these trials 
was to determine, whether the glottis remained open or shut in the pronunciation of 
certain consonants without an accompanying vowel. This was easily ascertained by 
applying the concave end of an acoustic tube to the outer side of the larynx, while 
the other end rested in the ear of the observer. Other experiments were made, in 
reference to the pronunciation of aspirated tenues and aspirated mediae. The results 
have been recently published by Professor Briicke 1 . 

We conclude by giving the alphabet employed throughout our publications: — 

ALPHABET USED FOR TRANSCRIPTION. 

a (a a a 5), a; b (bh); d (dh); e (e e 6); f; g (gh); h; i (i i); j Q'h); k (kh), kh; 

1 ( 111 ); m; n; o (6 o), 6; p (ph); r (rh); s, sh; t (th); u (ii u), ii; v; y; z. 

VOWELS. 

1. a, e, i, o, u, as in German and Italian. 

2. a, 6, ii, as in German. 

3. Diphthongs give the sound of the two component vowels combined. Diaeresis 
is marked by the accent falling on the second of the two vowels. 

4. - above the vowel makes the vowel long. 

1 Ueber die Ausspraohe der Aspiraten im Hindostani. Sitzungsberichte der philosopkiscli-kistoriscken. Classe der 
Wiener Akademie, April, 1859. 
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In general we. considered it unneccessary to add this sign when the accent 
coincided, with it, and the omission would not influence the correctness of the pro- 
nunciation. 

Short vowels are not separately distinguished. 

5. - above a and e is a sign of imperfect phonetic formation, similar to the 
open u in but, and e in herd. 

6. “ below a indicates the deep sound, like a in wall. 

In Hindostani this sound occurs only in local dialects; in Tibetan and Turkish 
it is more prevalent. 

7. - above a and o indicates a nasal sound, like a and o in the French Words 
gmt and son\ also e, I, and u had to be introduced for marking the nasal sound of 
e, i, and u; in the nasal diphthongs au and ai, we make the sign, over one only, 
though both vowels have the nasal sound. 

CONSONANTS. 

1. b, d, f, g, h, k, 1, m, n, p, r, s, t, are pronounced as in German and English, 
[the variations occurring in the pronunciation of g, and h (in English) excepted]. 

2. h, after a consonant, is an audible aspiration, except in ch, sh, and kh. 

3. ch sounds as in English (church). 

4. sh, as in English (shade). 

5. kh, as ch in German (Jioch). 

6. j, as in English (just). 

7. v, as the w in German (Was-ser), being different from v in very, and w in water. 

8. y, as y in the English word yes , or j in the German ja. 

9. z, soft, as in English. 

ACCENTS. 

' marks the syllable on which the accent falls, whether the syllable be long or 
short. ■ 

ALPHABETICAL REGISTERS. 

In our alphabetical registers the letters follow the order of the alphabet, 
irrespective of the signs attached to them. This arrangement has the advantage of 

coinciding, as nearly, as possible, with the system adopted in dictionaries of European 
languages. 



PART II. 

ASTRONOMICAL DETERMINATIONS 

OF LATITUDES AND LONGITUDES. 




SECTION I. 

METHODS OF OBSERVATION AND CALCULATION. 


L Instruments : a . Theodolites; b . Chronometers; c . Meteorological Instruments.— Mode of packing. 

II. Introductory Calculations: a . Refraction; b . Parallax; c . Methods of Interpolation, Quantities depending on 

the Yearly Motion, or on the Anomalies in the Orbit, and Quantities depending on the Daily Motion. 

III. Methods for calculating Latitude and Time: 1. Observations of Stars. 2. Observations of the Sun: Method I., 
for unequal Altitudes; Method II., for corresponding Altitudes; Method HI, for circum-meridian Altitudes. 
3. Determination of the Meridian. 

IV. Methods for calculating the Longitude: 1 . Longitude by Chronometers. Rates of the Chronometers used: 

a. Chronometer 3, 1854 to 1857 ; b . Chronometers 1 and 2, 1854 to 1856 ; c . Chronometer 1, 1856 and 1857 ; 

cl. Chronometer 4; e. Resulting Table of Rates. 2. Longitude by Celestial Phenomena: a. Lunar Distances; 

b . Eclipse of the Moon, October, 1856, with physical remarks. — Terrestrial signals. 

V. Method of Equations of Condition: a. Application to Latitudes; b. Example for Latitude; c. Application to 
Longitudes. 


I. INSTRUMENTS. 
a. THEODOLITES. 

I he instruments for angular measurements which we used were the following: 
Theodolite 1, Jones. 1 It had a horizontal circle of 5, and a vertical circle of 
4V 3 inches diameter. The horizontal circle had three verniers, reading 30 seconds ; the 
two verniers of the vertical circle gave the minutes . 2 There was also a tangential 
screw, which allowed of repetitions being made. For surveying purposes, as well as 
for an approximate determination of the declination, a magnet could be screwed 
upon the telescope. The levels were large and always remained in very good order. 

I Jones, 4, Rupert Street, London. ' 

II The mean of the verniers and the use of the repetition apparatus allowed of 10 seconds being^ estimated with 
sufficient accuracy. In some cases, even 5 seconds or less were noted, being then the m.ean of several readings. 
This remark also applies to our other theodolites. 


I. 


10 
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On account of the great length of the telescope, altitudes could only be taken 
up to 55°; and the telescope could not be inverted, without lifting the axis of the 
vertical circle. 

We received this instrument in Madras, 1856, through the kindness of Major 
Jacob, and it was chiefly used by Robert. 

Theodolite 3, Jones. This theodolite formed a part of the set of magnetic and 
astronomical instruments, which were made for us in England under the kind superin- 
tendence of General Sabine. Diameter of both circles 5 inches. The verniers, two for 
each circle, gave direct readings of 30 seconds. It had no apparatus for repetition, 
but a needle could be connected with the telescope. 

Till May, 1856, it was used by Adolphe and Robert, later by Hermann. It 
remained in perfect order till August 9th, 1856, when the horse that carried the 
instrument tumbled down a ravine. The upper level was unfortunately broken ; however, 
we managed to replace it by a spare level, which after many trials we succeeded in 
connecting with the telescope better than could at first have been expected. 1 When 
arrived in Kashmir, where clever workmen are to be met with, we were able to get 
the . spare level properly reset. 

Theodolite 3, Troughton . 2 This was a very fine instrument; the diameter of 
both circles was 5 inches, and the verniers read off 20 seconds. The horizontal 
circle was provided with a very good repetition screw. The theodolite also contained 
in its lower parts a large, delicate needle, with an independent horizontal circle 
belonging to it. 3 

We received this instrument from the stores of the Surveyor General’s Office in 
Calcutta, March, 1855. It was used by Hermann till May, 1856, and afterwards by 
Adolphe, who had it with him during his last journeys. It was lost with his other 
instruments at Kashgar. 

We found the construction of this instrument particularly well adapted for 
astronomical and magnetic observations, as well as for topographical surveys. Every 
part of it was very solid, but at the same time most minutely and carefully worked. 

1 See stations A Kiuk-Kiol and A Suget, in Turkistdn. 

2 Troughton and Simms, London. 

8 The needle could be easily removed when we observed the collimator for magnetic declination; but it could 
also be used for an independent determination of the declination. See the comparisons made at Grohatti; Part. III., 
Station 4. 
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Theodolite 4, Pistor. 1 2 3 This was one of their “universal instruments”, most 
delicately executed, and light enough to be easily carried by one man. The dimensions 
of the horizontal and vertical circle were 5 Paris inches, with two reading microscopes 
belonging to each circle. Screw micrometers connected with the microscopes gave, 
readings of 10 seconds. 

The ins trument could not be combined with a collimator magnet, on account of its 
having steel axes, but we used it very often for topographical measurements. The reading 
microscopes, however, easily got out of order, and they then required a considerable 
time for re-adjustment. 

Theodolite 5, Uriel* A most accurate description of this “universal instrument” 
is contained in “Sawitsch”,® p. 156. 

This was the largest of our theodolites, with a diameter of 6% Paris inches for 
the horizontal, and of 5 Paris inches for the vertical circle. Two verniers, reading 
10 seconds, were connected with the horizontal, and four verniers, also reading 10 se- 
conds, with the vertical circle. Pepetitions could be made, and to the lower part 
of the ins tr um ent a second telescope was attached for controlling its position, whether 
it remained unchanged or not during the observations. As there was much steel in 
its construction, we used it only for topographical surveys, and chiefly in Sikkim. 
Its great weight, and the size of the two boxes in which it was packed, prevented 
us . from taking it with us as often as we otherwise could have wished. 

Besides these theodolites, we had pocket sextants by Troughton and Simms, which 
were used principally for minor topographical operations, 4 as we could always manage 
to carry a theodolite with us. 5 The great altitudes of the sun, during many hours of the 
day in these latitudes, somewhat limited the use of sextants, and, indeed, in working the 
theodolites we were often obliged to take prisms. Those by Jones and Troughton ori- 
ginally had no prisms; but we easily succeeded in applying to them the prisms of the 


1 Pistor and Martins, Berlin. 

2 Ertel und Sohn, Munich. 

3 “Sawitsch, Abriss der praktischen Astronome.” Translated from the Bussian, by W. 0. Goetze. Hamburg, 1850. 

4 As an. instance of the exceptional use of sextants for latitude and longitude, see the stations Girtok and 
E&mpur, in Section II. 

8 In reference to the detail of the construction of surveying instruments and their use, -we draw attention to. 
the “Manual of Revenue Surveying”, by H. L. Thuillier and R. Smyth. London, 1865. It also contains much valuable 
information for the carriage and management of instruments in Indian travelling. 


10 * 
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theodolites by Pistor and ErteL The great altitudes of the sun at the same time con- 
siderably increase the difficulties of such observations, in consequence of the powerful, 
and often dangerous, insolation to which the observer is exposed. 

b. CHRONOMETERS. 

Their description and their rates are given in detail, in connection with the 
materials from which we have deduced our longitudes, in No. IY. of this section. 

c. METEOROLOGICAL INSTRUMENTS. 

In this volume we give barometer readings, in millimetres and inches, corrected 
already for error of instruments, and reduced to 32° Eahr. The temperatures of the 
air are also corrected for the error of the thermometers. A detailed description and 
comparison will be contained in Yol. II. 

As meteorological elements for the calculation of our astronomical and ma gnetic 
observations, we have selected, in each case, one or two readings, which best represent 
the mean values during the time of the observations. As far as relates to these cal- 
culations it is unnecessary to enter further into detail. 1 

Mode of packing. 

All our larger instruments were packed in strong wooden cases, light enough 
for one man to carry easily, and with leather covers fitted to them. The idea of such 
an arrangement had already occurred to us before we started, and upon actual trial the 
covers proved to be of the greatest use. "We found them to add materially to the strength 
of the box; they limited the shrinking of the wood during the hot season, both in 
the tropics and in the dry climate of Tibet, and also served as an excellent protection 
against the effects of dampness and moisture. In countries such aB Tibet and Turkistan, 
no large pieces of wood are procurable, and consequently the greatest difficulty would 
have been experienced in effecting the slightest repairs. 

In this manner we succeeded in keeping our instruments in very good order, 
although we found the screws frequently loosened by the unavoidable shaking. Indeed, 
we were surprised to see how great was the effect produced by a constant succession 

1 Meteorology in general will- ba the special object of Vols. IV. and V. 
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of little shocks during the course of a long journey. However, a cursory examination 
of the different screws, and a little attention in seeing that they were all properly 
fastened before making an observation, took up but a short time, and proved amply 
sufficient to keep the- instruments in good working order. 

H. . INTRODUCTORY . CALCULATIONS. 

The. materials of the observations are: Apparent Altitudes of the Limbs of the 
Sun, in some instances of the Centre of the Sun, and Differences of Azimuths; and in 
other cases similar observations for the Moon and Stars. The observations of the 
Sun form by far the greater part. 

In all our calculations the numerical elements are taken from the “Nautical Almanac”, 
with a few isolated exceptions, which we have taken care to mention. 

The first object of the calculation is the reduction of the values, observed from 
the surface of the earth, to true and geocentric values: viz. the application of 
refraction and parallax. 

a. REFRACTION. 

The refractions are taken from “Ivory’s Tables of Astronomical Refractions”, 
in which 34' 32" is given as the Constant for refraction. They are originally published 
in the Philosophical Transactions of the .Royal Society for 1838. 

Bessel’s Tables refer only to variations of the barometer between 30 and 20 French 
inches; consequently, they could not be used, as the lowest barometric pressure in 
connection with our astronomical observations is as low as 14 ■ 6 English inches. 

We had the advantage of using the detailed tables, based on Ivory’s values, as 
extended by General Boileau. They are contained in the latter’s valuable “Collection of 
Tables, Astronomical, Meteorological, and Magnetical”, printed at Ambala, 1850, and 
to the kindness of the author we are indebted- for a copy. His logarithms of cor- 
rection extend from 32 to 14 inches, and from 10° to 130° Fahr. 

The very convenient arrangement of the tables may best be seen from the follow- 
ing example: — 
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Station No. 91. SkIedo m BAltl 


Obserred Altitude of the Sun’s Upper Limb . . 25°15'0" 

Barom.. i Temp, of Air i 42 ’- 90 ' 

( 22-961 inches. ^ f 73°-2 Falii'. 

Logarithm of correction for 22 -961 inches = 

Logarithm of correction for 73° -2 = 


Lpgarithm of mean refraction for the Apparent Altitude of 25° 15' 0" . . = 
Stim. = Logarithm of true refraction ....... ; . . . = 


9-885 

9-980 

2-090 

1-955 


nat. num = 90" 

Apparent Altitude of Sun’s Upper Limb 25° 15' 0" 

Refraction — 1' 30" 

True Altitude of the Sun 25° 13' 30" 


For altitudes of the sun below 20°, and particularly for those of the moon, 
another correction depending on refraction must be applied. 

Since the refraction is a different one for every point of the sun’s or the moon’s 
discs which differs in altitude, it follows that the sun and the moon do not present 
themselves as regular circles, but as transcendental curves. For our observations of the 
.sun, which, were always taken above 20°, this correction was never required. At 20° it 
only amounts to 2", but between 30° and 40° becomes 0. 

The tables to be used for low altitudes are Nos. XIV., XV./ and XVI. in 
“ Bremiker’s nantisches Jahrbuch.” 


k PARALLAX, 

in reference to the System of Co-ordinates of Altitudes . 

Taking the earth as a perfect sphere, the parallax alters the altitudes only, and 
not the azimuths. This consideration is quite accurate enough for our calculations. 

Eor the sun and the planets, the parallax of altitudes may be found either by 
a simple multiplication of the horizontal equatorial parallax with the cos of altitude, 
or by using the formulae which hare been lately developed for parallax. In general, the 
first term of the series gives the correct values, but, for the moon, it is necessary to 
introduce the ellipticity of the earth and the second term of the infinite series . 1 2 

1 The barometer readings aue already reduced to 32° Fahr., and corrected for the instrumental error. Compare, 
p. 76. 

2 Compare, Briinno’w, spharische Astro ncrmie, Berlin 1851, p. 94. 
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The ellipticity of the earth is also the cause of the azimuthal parallax of the 
moon, ’which need not be taken into account for the sun and the stars. “Bremiker’s 
nautisches Jahrbuch”, •which we constantly use, gives the azimuthal parallax as a 
function of latitude and azimuth. 

Besides the parallax, another correction, as function of the moon’s altitude, must 
be applied to observations of the moon, the object of this correction 'being the variation 
of its apparent semidiameter, which depends upon its altitude. This correction in some 
instances may amount to 18 "; it is proportional (Const, sin h). 


c. METHODS OF INTERPOLATION. 

Quantities depending on the Yearly Motion, or on the Anomalies of the Orbit. 

For the quantities depending on anomalies, the “Nautical Almanac” contains for 
every Mean Noon of Greenwich Time, for the Sun: Right Ascension, Declination, and 
Equation of Time. 

For the Moon, the “Nautical Almanac” gives, for each hour: Right Ascension and 
Declination, and, from 12 to 12 hours, equatorial and horizontal Parallax and Semi- 
diameter. 

These values must be interpolated for the moments of observation. The first 
differences already give a sufficient accuracy for all that must be considered as a function 
of the anomalies of the orbits. But it is necessary to know approximatively the 
Greenwich Time corresponding with the moments of observation. 

This can be done by a transformation of the well known formula: 

sin h = sin 9 sin 8 -f- cos 9 cos 8 cos t , (1) 

which, if we give to it the form required, becomes: 


cos t = 


sin h — sin 9 sin 8 _ 
cos 9 cos 8 


(la) 


In these formulae: 

9 = Latitude of the place of observation, which must be known within ten minutes 
for obtaining the Time with sufficient accuracy ; 

B = the Sun’s Declination, for which the Declination at Greenwich Noon can be 
taken for the first approximation; 

h = the true Altitude of the Sim’s Centre, corrected for parallax and refraction; 
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t '=. the Apparent Local Time, sought for, which, must be reduced by the Equa- 
tion of Time to the Mean Local Time, and by the difference of Longitude 
(which must be known within half or a quarter of a degree) to Greenwich 
Time. 

The differentiation of formula (la) shows, that we must take for h the lowest 
observed altitude. 

The following is an example of the mode of calculating : 


Station No. 21. EaultIndi in the PInjIb. 

1856, December B. 

Time by Chron. 3 . . I ... . 8 h 48 m -7 

Lowest Altitude reduced to the Sun’s Centre . . 26° O' - 0 

Refraction — 1' * 9 

Parallax + 0' • 1 

True Altitude of Sun’s Centre . 25° 58' • 2 

( Latitude North 33° 6' 

Approximate j £ ^ _ 4 „ 52 . 

6 at Greenwich Mean Noon — 22° 12' 

log sin h = 9*64:1 log sin cp = 9*743 log cos cp = 9*921 

sin Ji = 0*437 log sin 8 = 9*577 n log cos 8 = 9*967 

— sin cp sin8= + 0*209 9*320* 9*888 

0*646 log = 9*810 

log cos t = 9*922 
t = 33° *2 = 2 h 12 m *8 

Time of observation by Chron. 3 8 h 48 m *7 

Apparent Noon by Chron. 3 ..... . 6 Tl 35 m *9 


The observations used for the determination of 


h m 

Latitudes were made at 4 38*9 

Mean Noon 6 45*8 

Mean Local Time of the observations . . . — 2 6*9 
Longitude E. Green. ............. 4 52*1 

Mean Greenwich Time — 6 59*0 


Sun’s Declination at Greenwich, Mean Noon, Dec. B, — 22° 11' 32" 

Horary "Variation — 21" • 2 

log of Horary Variation 1*326* 

log of 6 h 59 m expressed in hours 0*844* 

2*170 

nat num =. + 148" = .+ 2' 28" 

Sun’s Declination at the moment of the' observation — 22° 9' 4" 
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We find the Apparent Noon : 

Ii m 

With the Declination at the moment of observation . 6 36-6 

With the Declination at Greenwich Noon . 6 35 • 9 

Therefore there exists an error of 0 m, 7 in the determination of time, as it was 
made for interpolating the sun’s declination. The horary, variation of this value is 

21", and, therefore, the error of declination which was used in the calculation = 

0' 0"*2, a value which we consider by a calculation with 5 decimals in log to be 
equal to 0. 

Quantities depending on the Daily Motion. 

The motion of the sun, as well in reference to altitude as to azimuth, forms 
a series of differences of higher orders. If we have a series of observations of altitudes 
or azimuths, in which the times of observations shall be 

t, t\ t" Ac., 

and the readings of the vertical circle, which alone are to be taken into the calculation, 
expressed in zenith distances 

e, e' s" &c., 

then the errors in the readings involve the probability of being partly positive, partly 
negative, and thus of compensating themselves. 

If we were simply to take the arithmetical mean, we should get a probable error, 
about equal to, or greater than, the errors ehminated, since the motion of the sun 
is not a series of differences of the first order. 

For, if the time of observation obtained by the arithmetical mean == T, 
if the zenith distance obtained in the same manner — Z, 

and if t—T= t, 

t' — T = t', 
i " — T = x", 

we get as results from Taylor’s theorem 1 : 

1 Briinnow, spharieche Astronomie, 1851, p. 226. 


I. 
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The second differences can be taken into account either by developing the formulae 
for the zenith distances, including the higher differences, or by correcting the time 
found by the arithmetical mean of the zenith distances with reference to the higher 
differences. - 

In order to develope the formulae for the zenith distances, including the higher 
differences, we know 

t+'V'+t" + &c. = 0; 


we therefore obtain by a summation of the single equations, for Z, 

z +*" .. +/' + *»■ .«» + ,■■ + v« + fa), 

where n signifies the number of the observations. 

By the well known formulae of reduction we can also write the formula: 

, 7 _gJ rS '+z"+ s'" + &o. , d*Z 2 2 sin 2 % t 

n + dT*' n 


The double differentiation of the elementary equations (1) for the zenith distance 


gives 


z . cos 8 cos <p . 

———— : -L . cos A cos p, 

dt a sina ’ 


p signifying in this and also the following formulae, the parallactic angle. 
The final equation then becomes: 

Z = g +<+ g .'±fl'--..-'.:... + C03 . 8 <* s 9 . cos cos 

n smi; x n 


( 2 ) 


The correction of the time, deduced from the mean of the zenith distances, is, 

if we transform the above equations, obtained as follows: 

dT , , sin Z 1 

dZ 


, _ i/ . . 

16 cos 8 cos <p sin T ’ 


which must be introduced in the formula 

d T cos 8 cos 9 


+ 


Since, besides 


dZ . sin Z 


sin T 


cos A cos p 


2 2 sin a V 2 t 


n 


sin T 


. OIU Jt •) • j OJLJ-L ju . 

smi) = -! — ^ • cos a, ,and smA =- — ■=. ■ cos 8, 
■s va.Z T ’ sm Z ’ 


we get as corrections of the Hour Angle 


y ia cos p cos A 2 2 sin a % t 
sin T n 


( 3 ) 


This method might have been applied as the principal one to our observations, 
but we have preferred to use in its place another mode of calculation based on the 
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principles of Equations of Condition, which have recently been used very success- 
fully in calcula ting astronomical observations, particularly after the precedent of 
Gauss, who first collected them. We employ this method for the calculations of 
latitudes and longitudes, especially as it has the great advantage of at once detecting 
accidental errors of observations, and of determining the weight of each single ob- 
servation. • ■ 

At the same tim e, it is in general not affected by the higher terms of infinite 
series, — terms which are neglected in the method communicated above. Lastly, it 
makes, as final result, the value to agree with the principles of probability, and with 
the method of least squares. In division Y. of this ' section, this method is given in 
detail, especially with reference to its application to latitudes and longitudes. 


in. METHODS FOR CALCULATING LATITUDE AND TIME. 

1. OBSERVATIONS OF STARS. 

The observations of the planets and stars in general, when not combined with 
l una r observations, were considered only as a control lor the results obtained from 
the observations of the sun. But observations of polar stars were preferred to ob- 
servations of the sun for calculating the latitude, in those cases where, for obtain- 
ing as correctly as possible time and longitude, the sun had been observed at some 
distance from the meridian. Such solar observations are not well adapted for cal- 
culating the latitude, since the differential of latitude is a multiple of the differential 
of altitude. 

In calculating the latitude, the mean local time (reduced from the observation 
of the sun) was introduced to find declination and right ascension from the tables 
of the “Nautical Almanac”. 

If U = the time of Mean Noon by chronometer, 
u = the time of the observation by chronometer, 

X = Longitude East of Greenwich, 

9 s .- 86 = the Acceleration of Stars compared to the mean Sun, 
we get the sidereal time of the observation: 

8 = (w— U— X) 4- U 4- (u— U— X)*° r .9 s -86+X-|-& 


11 * 
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In t his formulae, S denotes the Sidereal Time at Mean Noon at Greenwich; the 
co-efficient of 9 s ’86 is to be expressed in hours; S is the Declination of the Star, 
B. A. its Right Ascension — both corrected for precession, nutation, and aberration. 

- Then s—B. A. is the Hour Angle of the Star. This being found, the latitude is ob- 
tained by the formula given in Method H. ; we, therefore, give no special example; 
For Polaris, the “Nautical Almanac” contains tables for obtaining the latitude by a 
simple arithmetical operation. 

2. OBSERVATIONS OF THE SUN. 

For all stations of particular importance, such as those in India, unconnected 
with the Great Trigonometrical Survey, and those in the mountain systems of 
High Asia, the formulae generally used were only taken for the first approximation. 
The preliminary results, so obtained, served to give the latitude and time by applying, 
in a second series of calculations, the method communicated in division Y. of this section, 
in a form satisfying all conditions of the calculations of probability. 

In every case where one method only was used, controls have been applied. 

METHOD I 

The greater number of the observations form two groups, situated in different Azimuths, separated by 

an interval of several hours. 

Method of unequal Altitudes. 

The variations of the sun’s declination in the intervals have already been intro- 
duced in the first series of calculations. 

When the observations succeed each other at iutervals so short that it is 
possible to take the arithmetical means, . 

u being = mean of Times by Chronometer, 
h „ = mean of the Altitudes observed, 

$ „ = Declination of the Sun, 

JR. A. „ = Right Ascension, 

we get for the mean of one group u', h\ S', JR. A.', the same data as for the mean 
of the second group, either on the same or on the opposite side of the meridian. 
We then obtain latitude and time by the following system of formulae: 
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X = 2 T 4-4- 1 

or in a more simple form: 

• X = (u 1 — u) — ( 9 S * 86 — &B.A) (u '—\ ^) hor , 

where A B.A. signifies the Horary Motion of the Sun in Right Ascension. 
Then, if we put 

sin 8 sin S' -f- cos 8 cos S' cos X = cos D 
cos 8 sin S' sin 8 cos 8' cos X = sin D cos s 
cos 8' sin X = sin D sin 

sin h 1 — cos D sin h 


and 


cos (s + p) = 


sin D cos h 


we get 


sin 9 = sin h sin 8 -f~ cos h cos 8 cos jp 
cos h sinp 


sin t = 


cos 9 


(11) 

( 12 ) 


i f being = the Hour Angle of the True Sun, to -which must be applied the 
respective equation of time for obtaining the mean local time, 9 being the latitude, 
and D, and s, the -well known auxiliary quantities, used in calculating spherical triangles. 

These equations can be somewhat simplified, and transformed into a system of 
13 single equations, two of which combined give the tangent of an unknown auxiliary 
quantity. These equations are: 

sin 8' = sin f sin. F 
cos 8' cos X = sin f cos F 
cos 8' sin X = cos f 

cos D= sin f cos (F — 8) 
sin D cos s = sin f sin (F — 8) 
sin L sin s = cos f 


S 


tan 2 y a (s F p) — 


D -f- h -}- Ji 1 
2 ~ 

cos S sin ( S — K) 
cos (S — D) sin (S — h 1 ) 


sin gr sin Gr = sin h 
sin g cos G = cos h cos j> 
cos g = cos h sin p 

sin 9 = sin g cos (G — 8) 
cos 9 sin t = cos g 
cos 9 cos t = sin g sin (G — 8). 


(13) 
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Where observations of the sun are taken, no doubt can remain about the meaning 
of cos (s-f-p) and of tan 2 % (s -[- p). It is also evident that this system of equations 
represents a continuous series of controls. 

By differentiation of the final equations, and if we make the possible error in 
time equal to the possible error in latitude (since they can both be reduced to the 
altitude), and if, for giving a more simple form to the ’ differential equations, the 
azimuths are introduced after differentiation instead of the hour ang les, we obtain 


or 


dh = — cos — cos 9 sin Adt 
dh' — — cos A'dcp — cos <p sin A' dt, 


cos 9 dt = r 


cos A 1 


sin (A'— A) 
sin A! 


dh—-r 


cos A 


dh -j- 


sin (A 1 — A) 
sin A 


sin (A!— A) T sin (A'— -A) 


dh' 

dh 1 . 


For the observer these equations show that, for obtaining results as accurate as 
possible, the sun must be observed in azimuths 90 degrees distant from each other, 
since sin (A! — JL) is the number by which the error is divided. The details of the 
observations, communicated later, will show that a similar arrangement had already 
been made in most of the cases to which this method is applied. 

For the calculation they show the following: If the sun has been taken in low 
altitudes, viz., if A! has been nearly equal to 90°, where sin (A' — A) becomes nearly 1, 
then 

cos 9 dt = cos A ' dh — cos A dh’, 

and 

d 9 = — sin A 1 dh 4- sin A dh'. 

Now if A (for low altitudes) is nearly = ± 90°, A (for great altitudes) nearly 
— 0, or 180°, we have, for dt, the influence of dh — a minimum, the influence of d h' 
== ma ximum , and vice versa for dtp, the influence of dh = a maximum, the in- 
fluence of dh' = a minimum. 

It results that, in calculating, we must use the greatest altitude for latitude, and 
the lowest altitude for time. 


Example for Method I. 

Station No. 91. SkIrdo, 1856, September 2. 

Compare the detail of the observations in Section II., Group XI. 
Means from the two series of the observations : 
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Sun’s Upper Limb 


h m s 

u = 3 58 30- 
u' = 10 51 37 


45 42*3 
25 15*0 


0 / 

% corrected = 45 25*8 
h r corrected = 24 57* 7 

Approximated Noon for finding tie Sun’s Decl. calculated from hi by formula (la) = 6 h *46 


h 

6*46 


h 

6*46 


Time of Observations 3*97 10*85 

Local Time — 2*5 + 4*4 

Approximate Longitude ....... 5*6 5*6 

Greenwich Time, September 2 ... — 8*1 — 1*2 
Sun’s Declination at Greenwich, Mean Noon: 

7 o / n 

4- 7 46 10 

Reduction to the Time of Observation + 7 26 

8 = + 7 


o f n 

+ 7 46 10 
+ 1 6 
/ = + 7 47-3 


Time by Chronometer 

Intermediate Time 

Acceleration of Stars 

Variation of Sun’s Right Ascen- 
sion, ( [u ' — u) R. A 


— u' — 


u 1 — 10 51 37 
u = 3 58 30 
u = 6 53 7 
+ 1 8 

— 1 3 


X in Time = 

. . 6 53 12 

X in Arc — 

. 103° 17' -9 

log sin 8 = 9-13777 

log cos h = 9*99587 

log sin 8'= 9- 13199 

log cos 8'= 9'99597 
log cos X= 9-36177 n 

8-26976 

9 -35361a 

nat. num -(- 0 - 01861 


— 0-22574 

log = 9-31624 n = log cos D 

— 0-20713 

log cos 8 = 9-99587 

log sin 8 = 9-13777 

log sin 8'= 9-13199 

log cos b 1 — 9-99597 
log cosX = 9- 36177,, 

9-12786 

8-49551„ 

nat. num + 0-13423 


4- 0-03130 

log = 9-21888 = log sin D cos s 

+ 0-16553 


log cos S' = 9 '99597 
log sin X = 9 '98819 

9-98416 = log sin D sin s 
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log sin D sin s = 9 ’98416 
log sin D cos s = 9 ’21888 
log tan s = O’ 76528 

arc = 80° 15' ’5 .... log sec = 0’00631 

log sin D sin s = 9’98416 

log sin D = 9 • 99047 

O / 

Control of the calc,, arc D from cos = 180 — 78 2-6 
arc D from sin = 180 — 78 2 ’ 6 

log sin A' = 9 ’62533 log sin A = 9 *85272 log cos A = 9*84620 

log cos D = 9 ’31624,, log sin D = 9 • 99047 

9’16896 n 9-83667 


sin A' = -f- 0-42202 

sin A cos D 0-14756 

~0 ’56958 

arcs = 80° 15'- 5 
arc(s+j?) = 33° 56' -4 
p = — 46° 19'- 1 
log sin A = 9 ’85272 
log sin 8 = 9-13777 


8 ’99049 


log. = = 9-7555 5 

log. cos (s-Hi)) = 9-91888 
s-fjp = 33° 56'-4 


log cos A = 9-84620 
log cos 8 = 9 -99587 
log cos p = 9 ’83926 
9-68133 


nat. num 
0-48010 
0-09783 
0-57793” 


. log = 9-76187 = log sin <p 

9 = Latitude North 35° 18' -3 


log cos A = 9-84620 
log sin .p = 9-85925 
9-70545 
log cos 9 = 9-91173 
9-79372 


t = 38° 27' -3 


h m s 

Hour Angle in Time ... — 2 33 49 
Equation of Time .... — 81 

Mean Local Time .... — 2 34 20 
Time by Chronometer . . 3 58 30 

Mean Noon 6 32 50 



METHODS TOR CALCULATING LATITUDE AND TIME. 


89 


METHOD n. 

The observations form two groups on both, sides of the meridian and in approximatively equal 

azimuths and altitudes. 

Method of corresponding Altitudes. 

If we have two series of • observations, in which Ti signifies the altitude, u the 
time by chronometer, 


before culmination 

after culmination 

u h 

u, h, 

u 1 h' 

< V 

u" h" 

u," h," 

u n h* 

K V> 


and if the intervals between the single observations are not too great, and the 
azimuths in both groups not too different in reference to their distance from the 
meridian, the following formula can be applied, where h is considered the lowest 
altitude observed, and the time of chronometer, uf x, corresponds to an altitude 
after culmination, which is equal to the lowest altitude, h, observed before culmination. 


Then 


— M°~ l ) (A," — k) 

(V - 1 — V) 


(III) 


The two altitudes being exactly equal at both these times, viz. at *e, and at uf x, 
the moment of the true noon would be the exact mean of these times, were not the 
declination of the sun changed during the time between the two observations. 

If this change of the declination is considered as a differential quantity = d 5, 
we get the correction in time by the well known formula (correction for noon) : 


— Vs 


30 


d 5 


/ tan <p _ 
V sin t 


tan 8 cotan t 


‘> 


(H2) 


Tables for finding this correction for noon, calculated by G-auss, are contained in 
“Schuhmacher’s Hulfstafeln”, Altona, 1845, p. 100. Log [i required in these tables is 
annually published in “Bncke’s Berliner astronomisches Jahrbuch”. 

As soon as the time of the true noon is found by this method, the hour angle 
of the sun for the respective times by chronometer can easily be calculated; 
if ^ z = the Equation of Time for the Noon of the place of observation, 

/\ $ — the Equation of Time for the moment of the observation, 

i. 


12 . 
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then the Hour Angle of the Sun. ■ (u 0 being the apparent local noon) is 

t . = w — (« 0 — A *) — A #'• (11 3 ) 

Por obtaining the most favourable determination of latitude, the greatest altitude has 
been combined with the hour angle, and the latitude is then obtained by the following 
formulae : 


tan N ■■ 


tan 5 


, , TN sin h 
.cos (<p — N) = -y, 


where M = 


cos t 
sin S 


sin N 


cos 5 coa t | 
cos N 


(II 4) 


j Example for Method II. 

Station No. 21. KAunpfNDi, in the PInjae. 

18S6, December 3. 

Compare the detail of the observations in Section II., Group IV. 
u — Time by Chronometer; h = Appar. Altitude of Sun’s Centre. 


h m 8 

4 36 18 


m ”- 1 = 8 37 51 
u, n = 8 43 16 


8 36 45 
4 36 18 


h = 27 20 36 
7*, 11-1 = 27 13 24 

7»,“ = 26 37 29 

5 25 35 55 

l — h,"- 1 — T 12", 

and x is therefore to he found by the equation: 

_ 5 m 25 a X 7' 12" _ 

~ 35' 55" ~ b5 • 

The time r.M., corresponding to the Altitude, h, is therefore: 

ll 

P. M. 

A. M. 

Uncorrected Appar. Noon 
Correction for Noon . 

Apparent Noon . . . 

Equation of Time . . 

Mean Noon 

Time of observation . 

Mean Local Time . . 

With the approximate longitude = 4 h 52 m 24 s , we get 

li m s 

the Local Sidereal Time — 14 44 30 

the B.A. of the Sun . = 16 38 56 

therefore the Hour Angle in Time . . . = — 1 54 20 = 28° 34*9 in Arc 

5 interpolated for the time of observation is — 22 9*1 

the corrected Altitude is ...... 20 56*6. 


6 

36 

32 

+ 


4 

6 

36 

36 


9 

56 

6 

46 

32 

4 

42 

17 

21 

~55 

45 
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The remaining calculation is the following: 

log sin 8 = 9-57641,, 

log cos 8 = 9-96670 

log cos 8 cos t =9 -91031 

log cos t = 9-94361 

log tan N . = 9-66610,, 

9-91031 

arc N = — 24 52 • 2 . . ; 

...... log sec = 0-04227 

• log cos 8 cos t = 9-91031 
log M = 9-95258 

log sin 7/ = 9-67081 

arc (9 — N ) = 58 29-4 

Latitude North: 33 37*2. 

log cos (9 — N) = 9-71823 


Of the two formulae for M (p. 90, II 4), we select the one, as in all formulae of 
this kind, for which the. angular function of N can most easily be interpolated. 

In order to make it possible to calculate the latitude from different combinations 
of observations (taken for determining latitudes), it was necessary in a few instances 
somewhat to modify method Ho. II. 

1. In some stations, as No. 44, N&rigun, observations of the sun’s altitude are 
combined with altitudes of stars. 

When the latter observations gave either of the elements (latitude or mean local 
time) more accurately than the altitudes of the sun alone, the mean local time was 
calculated from the lowest, the latitude from the highest altitude, either of the sun 
or of the star. 

2. Where observations of different stars only were taken, having different decli- 
nations, as in No. 20, Lahoi-, the mean local noon was calculated from the star with 
the greatest polar distance, the latitude from the star with the least polar distance. 


METHOD HI. 

Cirmm-meridian Altitudes. 


The changes of the altitude near the culmination are proportional to the squares 
of the hour angles. On this principle the following method is based. If, not too 
distant from the meridian, the altitudes be 


h, W, h", 

and the times by chronometer 

u, 

and if d 8 be the change in the sun’s declination in the unity of time, 

12 * 
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then 


_ h " — h , 
m — - -77 + db 


u — u" 


m = • 


- + 


.a 


— u n 

h" — h V' — V 
u — u" u l — u n 

u — u' 


We find w 0 , the time of apparent noon, by 


Un = 


= 


w>+ u n m 

2 2 a 

u l + u n m f 


an i) 


(III 2) 


an 3) 


2 


2 a' 


The identity of the numerical values for w 0 from both equations must be exact, 
and gives a control for the calculation. 

The altitude of culmination, h a , is obtained, h a being the observation least distant 
from the meridian, by the formula: 

K — ^ n + a (m" — m 0 ) 4 + dh («" — Mo), (III 4 ) 

and the latitude 

<p = 90 — Qi° — 5). 


Example for Method III. 


Station No. 95. A StTGET, in Tuekistan. 

1856, September 1. 

Compare the detail of tbe observations in Section II., Group XII. 


h" = 

0 / // 

62 14 30 

h" = 

62° 14 30 

/ 

h = 

62 16 40 

h' = 

62 18 15 


1 i"—h = - 

- 2 10 

h" — 7i' = — 

3 45 


M 

- 130 

' = — 

225 


h m s 


h m a 


h m s 

a — 6 28 33-0 

u' = 

6 32 22-2 

u = 

6 28 33-0 

u" — 6 36 40-2 

u" = 

6 36 40-2 • 

u' = 

6 32 22-2 

u — u" = — 8 7-2 

ul — u" == 

— 4 18-0 u- 

— ul — — 

3 49-2 

Variation of the Sun’s 

Declination in 

one second of time 

= d 8 = 

— 0". 01520. 

log nat. nuin — 130 = 

2-11394* 

log nat. num — 

225 = 

2-35218* 

log nat. num — 487-2 = 

2-68771* 

log nat. num — 

258-0 = 

2-41162* 

log m 0 = 

9-42623 

log m \ o 

= 

9-94056 

nat. num = 

4- 0-26682 

nat. num 

~ 

+ 0-87208 

dh = 

— 0-01520 

d S 

= 

— 0-01520 

tn = 

+ 0-25162 

m ' 

= 

+ 0-85688 
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m 0 = 0-26682 

m' 0 = 0-87208 

m 0 — m \ o = — 0-60526. 

log»»o — m' 0 = 9-78194* 

log nat. num — 229-2 = 2-36021 n 

log a ^ 7-42173 

log nat. num + 2 = 0- 30103 
log 2a = 7-72276 

log ml = 9 • 93292 
log 2 a = 7-72276 


log m = 9-40074 

log 2 a = 7-72276 


+ u" 


2 


1-67798 

h m s 

.nat. num — 47-6 
= 6 32 36-6 


2-21016. 


u' + 


h m s 

; nat. num — 2 42-2 
= 6 34 31-2 


Apparent Noon — 6 31 49-0 


6 31 49-0. 


The coincidence of these two results gives a control for the calculation. 

Observation 2 being the one nearest to the meridian, we use it for carry in g out 
our final calculations : 

h m s 

Apparent Noon = u 0 = 6 31 49-0 

u of observation 2 = 6 32 22-2 

U M 0 = 


33-2 


log 

log (m — M 0 ) a 
log a 
log red. 
nat. num 


1-5211 
3-0423 
7-4217 
0-4640 
2"- 91. 


It is merely accidental in this case, that the value of the reduction of the observation 2 
to the culmination is extremely small. 


o / n 

Observed Apparent Altitude of the Sun’s Upper Limb 62 18 5 

Semidiameter — 15 54 

Refraction — 18 

Parallax -|- 4 

Reduction to the Meridian as above -f 3 

Calculated true Altitude of the Sun’s Centre at its Culmination . . 62 2 0 

Sun’s Declination + 8 12 54 

Elevation of the Equator 53 49 6 

Latitude North . 36 10 54 
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8. DETERMINATION OE THE TRUE MERIDIAN 
in reference to the Position of the Theodolite. 


From out astronomical observations, the true meridian is deduced for method I. 
by the application of the strict formulae, for methods II. and III. generally by an inter- 
polation analogous to formula (II 1.) 

The strict formulae which we use for the determination of the meridian are: 




V 


cos s cos (s — a) 
cos 9 cos h 1 


(a) 


where 


A = Azimuth 

* = y(9 + H-o) 
e = 90 ° — 8 ; 


or, 


cotan A 


cos cp tan & — sin 9 cos t 
si n£ 


(b) 


* "Very often we made direct observations, in connection with the magnetic declina- 
tion, either by taking the corresponding altitudes of the sun at low elevations, or by 
observing the passage of stars, both with the theodolite. 

When remaining a whole day at one place, the observations of the sun at low 
corresponding altitudes are the most simple for determining the meridian line. These 
observations, with a very small correction for the suu’s declination, give the meridian 
line and the apparent noon as immediate result. 


IV. METHODS FOR CALCULATING THE LONGITUDE. 

The longitude, i. e. the second angle of the polar co-ordinate p, cannot be obtained 
by so simple and easy a way as the latitude. 

Much more accurate observations, as well as more detailed calculations, are required 
for the longitude than for the latitude, when the same limits of accuracy are sought for. 

Longitudes can be determined by transportation of chronometers, by observation 
of celestial phenomena, and by the use of signals. 

Our observations of longitudes are chiefly based on chronometers, to which method 
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we give the preference 1 even in those cases where we have alBO deduced the longitude 
from celestial phenomena. 

1. LONGITUDES BY CHRONOMETERS. 

Rates of the Chronometers. 

During our journeys we used the following chronometers, marked in our journals 
of observations with the initial signs as in the annexed list: 

Chron. 1, by Parkinson and Frodsham, original No. 2942, one day chronometer. 

Chron. 2, by Parkinson and Frodsham, original No. 1864, 

Chron. 3, by Parkinson and Frodsham, original No. 3420, 

These three chronometers we took with us from London, their rate having been 

previously ascertained at the Greenwich Observatory. 

Chron. 4, box chronometer (two day chronometer) by Parkinson and Frodsham, original 
No. 2295. 

Chron. 5, by Grant, one day chronometer. 

These two chronometers were handed over to us from the Madras Observatory, 
1856, March 28. 

We soon found that the latter (No. 5) did not keep its rate well enough for 
astronomical purposes. 

The best of our chronometers was No. 3; 2 we, therefore, used it as often as pos- 
sible, and we have deduced from it the greatest part of our longitudes. 

During all our journeys, each chronometer was packed in a large hag, stuffed 
with cotton, and carried by a separate kuli (bearer). This seemed to us the best 
arrangement to obviate any bad effects, as well from insolation, as from shaking. The 
very satisfactory rates of our chronometers, in spite of our travelling nearly always by 
land, and not by water, may be attributed, in a great measure, to this precaution. 

The rates for our chronometers were ascertained with the greatest possible care, 
as may be seen from the following details. We give first the data on which the rate 
of chronometer 3 is based, then those for our other chronometers. 

1 See Raper, On Longitudes, Nautical Magazine, 1839; Daussy, Sur la marche des chron ometres, Paris, 1840; 
Licussou, Rechcrehes sur les pendules ot les chronometres, Paris, 1854; Skadwell, On chronometers and meridian 
distances, London, 1855, 

2 This chronometer had been used, previous to our journeys, in one of the Arctic expeditions, as we were told 
at Parkinson’s and Frodsham’s office, where it was recommended as a particularly good one. 
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a . CHRONOMETER 3; 1854 to 1857. 

1. London. 

1854, September 10 to 18. 

Determined by comparison with Parkinson and Frodsham’s standard pendulum clock: 
Mean rate, communicated September 18: Gaining l 8, 0. 


2. Voyage prom Southampton to Bombay. 

1854, September 20 to November 24. 

We bad arrived at Bombay the 26th of October, 

h m h 

Southampton, at Noon Greenwich Time, September 20, Chron. 3 0 0 33 • 5 p. m. - 

Bombay Observatory, at Noon Bombay Time, November 24, Chron. 3 . . . . 7 7 52 • 5 

Difference of Longitude between Bombay and Greenwich, in Time 4 51 16-3 

Chron. 3, referred to Bombay Noon, Mean Time 11 59 8-8 

Chron. 3, Bombay, November 24, slow 0 0 51-2 

Greenwich Time (Southampton), September 20, fast • • • • 33-5 

Lost from September 20 to November 24 (65 days) 82-7 

Mean daily rate: Losing I s * 27. 


When on board the steamers, the chronometers were kept in as uniform a 
temperature as possible, and secured from the effects of the ship’s motion, by being- 
placed in a thick wrapping of cotton. 

3. Bombay Obseevatory. 

1854, November 24 to December 8. 

Mean daily rate: Losing 0 S- 61. 

The comparisons were made by Lieutenant E. E. T. Fergusson, I.N. 

The following table contains the detail of the comparisons and the variation of 
the daily rate, which may he considered as very, uniform. 

1 Bombay is heed from error of clock. Longitude Bombay Observatory, 72° 49' 5", as contained in the Bombay 
Magnetical Observations, 1856, p. III., and based on Taylor’s Longitude of Madras = 80° 13' 56". 
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Year, 

1854. 

Mean Time 
by 

Standard Clock. 

Bombay 

Mean Time 
corrected for Error 
and Rate of Clock. 

Time 

by 

Chronometer 3. 

Difference of 
Chronometer 3 from 
Bombay Mean 
Time corr. 

Daily Rate. 

Month. 

Day. 

Gaining. 

Losing. 



h 

m 

h ■ m 

S 

h 

m 

S 

h 

m 

S 


s 

Nov. 

24 

ii 

52 

11 52 

47-5 

7 

0 

40-0 

4 

52 

7*5 

. . . 

0-50 


25 

11 

56 

56 

52-0 

7 

4 

44-0 

4 

52 

.8-0 


0-75 

11 

26 

. . 

. 

. . 

. 





. • 

. 


0-75 

11 

27 

n 

51 

52 

1-5 

6 

59 

52*0 

4 

52 

9-0 


0-00 

11 

28 

ii 

51 

52 

6-5 

6 

59 

57-0 

4 

52 

9 , 0 


1-50 

11 

29 

n 

51 

51 

12-0 

6 

59 

1*0 

4 

52 

11 


0-75 

11 

30 

. . 


. . 

. 



. 



. 


0-75 

Dec. 

1 

ii 

34 

34 

18-0 

6 

48 

5-5 

4 

52 

12-5 


1-00 

n 

2 

n 

53 

53 

21-5 

7 

2 

8-0 

4 

53 

13-5 


0-33 

n 

3 


. 

. . 

. 


. . 

. 


. . 

. 


0-33 

ii 

4 



. . 

. 


. . 

. 



. 


0-33 

ii 

5 

11 

47' 

47 

33-5 

6 

55 

19-0 

4 

52 

14-5 


0-00 

n 

6 

11 

51 

51 

38-5 

6 

59 

24 '0 

4 

52 

14-5 


0-75 

ii 

7 



. . 

. 


. . 

. 


. . 

• 



ii 

8 

11 

49 

49 

CD 

O 

6 

59 

O 

CO 

CO 

4 

52 

16-0 


| 0-75 


4. Bombay to Madras. 

1844-5, December 8 to February 27. 

h Til s 

Madras Observatory, Gliron. 3 at Madras Noon, Mean Time, February 27 6 37 40-6 

Difference of Longitude between Madras and Greenwich, in Time • 5 20 57-3 

Meali Time at Madras by Chron. 3 * 11 58 37*9 

Chron. 3, slow at Madras 0 1 22-1 

„ slow at Bombay . 0 0 51*2 

„ lost from December 8 to February 27 (81 days) 0 0 30*9 

Mean daily rate: Losing 0*38 


The observations were made by Major Worcester and Adolphe. 

Our (H. and R.) short stay in Madras made it impossible to rate Nos. 2 and 3 at 
the Observatory itself, but Adolphe’s Chronometer 1 was rated; see p. 104. 


5. Madras to Calcutta. 

1855, February 27 to March 8. 

Surveyor General’s Office: Chron. 3 at Calcutta Noon, Mean Time, March 8 

Difference of Longitude between Calcutta 1 and Greenwich in Time j_ 

Mean Time at Calcutta by Chron. 3 

1 Referred, as. all our longitudes, to Taylor’s longitude of Madras. 

13 


li in s 

6 5 11-3 
5 53 22-1 
11 58 33-4 


I. 
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h m s 

Giron. 3, slow at Calcutta 0 1 26 '6 

„ slow at Madras 0 1 21*4 

„ lost from February 27 to March 8 (9 days) 0 0 5-2 


Mean daily rate : Losing 0 s * 58 

Between Madras and Calcutta, by the Peninsular and Oriental Company’s steamer 
“Bengal”, the chronometers were secured in the same manner as during the preceding 
■voyage. 

6. Calcutta Observatory, 35, Park-street. 

1855, March 8 to 22. 

Mean daily rate: Losing 0 s - 65. 

The daily comparisons were made by Babu Kadhanath Sikdar. 

The detail of the comparisons and the variation of the daily rate is given in the 
following table. The readings are referred to Mean Noon Calcutta (already corrected 
for error and rate of standard clock, by Thwaites). 
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7. GohXtti to Calcutta. 

1855-6, December 13 to March 26. 


. a. GroMtti, December 13. 

h m s 

Noon, Mean Time at Gohatti, deduced from the observations by Chron. 3 . . . 5 44 15 
Longitude of GoMtti, from the G. T. S., 1 East of Greenwich, 91° 43' 45" = 6 6 55 

Therefore Mean Greenwich Time at Mean Noon, Gohatti 5 53 5 

Chron. 3, slow at GoMtti 0 8 50 


b. Calcutta, March 26. 

h m s 

Calcutta uncorrected Time by Chronometer Th waites 2 12 0 p.m. 

Error of Thwaites, at Noon, fast 0 51 43*08 

It ate of Thwaites (in 24 h gaining 10 s *44) in 2 hours 0*8, 

Error of Thwaites at the time of comparison . 0 51 43*9 

Corrected Time of comparison 1 1 20 16*1 

Chronometer 3 7 20 23*5 a. m. 

h m a 

Time by Chronometer 3, at Mean Noon, Calcutta (Thw. — CL 3) 6 0 7-4 

Mean Greenwich Time, at Calcutta, Noon 6 6 38 -4 

Chronometer 3, slow at Calcutta 0 6 31-0 

Gohatti to Calcutta, (a.— b.) 

Chron. 3, slow at Gohatti, 1855, December 13 0 8 SO'O 

„ slow at Calcutta, 1856, March 26 0 63T0 

„ gained in 104 days 219'0 

Mean daily rate: Gaining I s - 34. 


8. SIMLA TO RaULPINDI. 

1856, May 15 to October 24. 

In tlie dak carriage, the chronometer was carefully packed away to mitigate the 
effects of the shaking. It was not wound up before reaching Simla. Between this 
place and Raulpindi, it was kept regularly going. 

a. Simla. 

li xn a 

Noon, Mean Time at Simla, deduced from the observations, May 15, Chron. 3 6 28 


Longitude of Simla, near General Boileau’s former Observatory = 5 8 30*4 

Therefore Mean Greenwich Time at Mean Noon, Simla . • • 6 51 29*6 

Chron. 3, slow at Simla C 23 8*6 


1 G. T. S. — Great Trigonometrical Survey. 


13 * 
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b. Srin&gger in Kashmir. 

Noon, Mean Time ,at Srinagger, deduced from the observations, October 24, Chron. 3 
Longitude of Srin&gger, fixed for the Shekh Bagh by measuring its distance from 
Lfoka Island and Takt-i-Sulaimdn f Stations of the G. T. S. 1 : 74° 48' 30" = 

Therefore Mean Greenwich Time at Mean Noon, Srinagger . . . 

Chron. 3, slow at Srinagger 

c. Simla to Srin&gger. 

Chron. 3, slow at Simla, May 15 

„ slow at Srinagger, October 24 

„ gained in 162 days 

Mean daily rate: Gaining l 8- 01. 2 

d. Leh in Ladak. 

1856, July 11 to September 17. 


Noon, Mean Time at Leh, deduced from the observations, July 11, Chron. 3. . . . 6 29 24 

Noon, Mean Time- at Leh, deduced from the observations, September 17, after our 

return from Turkistan, Chron. 3 6 29 27 

Gained in 68 days ' q jj 3 


The determination of Noon, July 11, is not precise enough to allow an alteration 
in the general, rate between Simla and Kashmir. But it shows, at all events, that 
the chronometer had been going uninterruptedly during our journey in Turkistan. 

/ 

9. Agra to Calcutta. 

1857, January 20 to April 1. 

At Agra the comparisons were made with Parkinson and Erodsham’s box chrono- 
meter 2325, at the Chief Engineer’s Office, by General Boileau’s head assistant, Mr. Nutall. 


li in h 

0 23 8-6 
0 20 26 
2 43 
= 163 s 


Ji m a 

6 40 20 

4 59 14 

7 0 46 
0 20 26 


1 See the detail at the station Srinagger, Section II., Group Yffl., No. 61. 

2 The Time of the Raulpindi observation, December 3, was referred by direct comparison to Adolphe’s Chro- 
nometer 1, for which the rate had been ascertained with particular accuracy for this period. 


The comparison gave, Raulpindi 1856, December 3: h m a 

Adolphe’s Chronometer 1 6 8 53 ■ 0 

Hermann’s Chronometer 3 5 36 19*2 

Chron. 1 — Chron. 3.. . ~ 32 33-8 
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Readings of Chronometer 2325, Agra Mean Time, January 20 10 35 0 

10 41 0 

10 38 0 

2325 fast on Mean Time 0 0 4. 

2325 corrected Mean Time Agra . . io 37 56 

Corresponding readings of Chron. 3 6 57 37 

7 3 37 

Mean 7 0 37 


April 1. 

Reading of Thwaites, Calcutta Mean Time. 

h m s 

4 3 0 p. m. 

4 6 0 
4 7 0 
4 8 0 
4 9 0 
4 17 0 
4 18 50 

Mean 4 9 50-2 


April 1. 

Corresponding Readings of Chron. 3 

h in s 

9 46 59 -4 a. m. 

9 49 59-0 
9 50 59-0 
9 51 59-0 
9 52 59-0 
10 0 59-0 
10 1 49-2 
Mean 9 53 40-7 


Error of Thwaites at 4 h 12 m p.m.: fast l h 56 m 59 s • 9 h m a 

Corr. Mean Time at Calcutta 2 12 50-3 

Chron. 3, slow at Calcutta 4 19 9-6 

Longitude, E. Green., of Calcutta, in Time 5 53 22-0 

„ „ of Agra „ 5 12 6'6 

Difference of Time by Longitude 0 41 15 '4 

Chron. 3, slow at Calcutta 419 9 - 6 

„ slow at Agra 3 37 19-0 

Difference of Time by Chron. 3 0 41 50-6 

Therefore, Chron. 3 lost from January 20 to April 1 (71 days) 0 0 35-2 

Mean daily rate: Losing 0 8, 49. 


10. Calcutta. 

1857, April 2 to April 18. 

By direct comparison with, the clock of the Calcutta Observatory was found: 

Mean daily rate: Losing 0 9 -57. 


The details are: 
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Year, 1857. 

Time at Calcutta 

Mean Noon 
by Chron. 3. 

Chron. 3, Daily Rate. 

Month. 

Day. 

Gaining. 

Losing. 

April 

2 

h. m s 

7 40 56-23 

s 

0-72 

17 

4 

7 40 54-79. 


0-60 

11 

6 

7 40 53-60 


0-04 

11 

7 

7 40 53-56 


0*27 

11 

8 

7 40 53-29 

1-59 


17 

9 

7 40 53.80 


0-52 

11 

15 

7 40 50.70 


1-08 

17 

16 

7 40 49-62 


0-93 

11 

17 

7 40 49-69 


1-56 

11 

18 

7 40 47-13 


. . . 


11. Calcutta to Madras. 


1857, April 1 to 27. 


Comparisons of the Chronometer Arnold 392, of the Madras Observatory, with 


Chron. 3. 


Arnold 392. 

Madras Mean Time. 

Chron. 3. 

h m s 

h zn s 

4 29 30 

12 35 14 ’ 

4 30 30 

12 36 14-4 

4 31 30 

12 37 14-4 

4 32 30 

12 38 14-4 

4 36 30 

12 42 14-4 

Mean 4 32 6 

Mean 12 37 50-3 


Error of Arnold 392 at 4 h 30 m p. m.: fast 7 m 13 s • 2 

* h m a 

Corr. Mean Time at Madras 4 24 52-8 

Chron. 3 slow 3 47 2*5 

Longitude, E. Green., of Calcutta, in Time 5 53 22*0 

„ „ of Madras „ 5 20 57-0 

Difference of Time by Longitude 0 32 25*0 

Chron. 3, slow at Calcutta 4 19 9*3 

„ slow at Madras . . . 3 47 2*5 

Difference of Time by Chron. 3 . 0 32 • 7 * 1 

Therefore Chron. 3 lost from April 1 to April 27 (26 days) 0 0 17*9 


Mean daily rate: Losing 0 s *69. 
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The rates adopted for this chronometer, as well as for the others, during the different 
periods of our travels are contained in the General Table of Rates, p. 109. 

The rate varied very little and with a certain regularity. The chronometer was 
gaining or losing, according to the changes of temperature, a fact which was ascertained 
by us, and afterwards corroborated by Professor Bruhns, in two extensive series of 
ratings, made at the Berlin Observatory from June to August, 1857, and from October, 
1857, to January, 1858. 

b . CHRONOMETERS I AND 2; 1854 to 1856. 

1. London. 

1854, September 18. 

London, compared with Parkinson and Frodsham’s standard clock: 

Chron. 1 (Or. No. 2942). Chron. 2 (Or. No. 1864). 

a a . 

Stand: slow 12-0 Stand: slow 57*5 

Rate: Losing 2-0 Rate: Losing 2-3. 


2. Voyage prom Southampton to Bombay. 
1854, September 20 to November 24. 


Southampton Noon, Greenwich Time, September 20: 

Chron. 1: ll 1 * 59” 44 s '0 Chron. 2: ll h 58” 57 2 * * * * * * 9 -9. 


Bombay Observatory at Noon, Bombay Time, November 24: 

Chron. 1: 7 h 5” 35 9 -5a.m. Chron. 2: 7 * 3” 36 s -5 a.m. 

Chron. 1. Chron. 2. 

Rate: Losing 2 9 - 65 Rate: Losing 3 s - 77. 

Bombay Observatory at Noon, Bombay Time, November 24 to December 8. 
Chron. 1. Chron. 2. 

\i m h 

November 24 7 5 35-5 a. m. 

December 8 7 5 2 a.m. 

Rate: Losing 2-39 


li m s 

November 24 7 3 36 * 5 a.m. 
December 8 7 3 1 a.m. 
Rate: Losing 2-54. 


The rate obtained for each day is shown in the following table; the numbers 
united by braces are mean results for this group of days, without including direct 
observations on the single days: 



104 ASTRON OMIGAL DETERMINATION OF LATITUDES AND LONGITUDES. 


Chronometer 1. 

Chronometer 2. 

Month. 

Day. 

Losing. 

Month. 

Day. 

Losing. 

Month. 

Day. 

Losing. 

Month. 

Day. 

Losing. 



s 



s 



s 



s 

• Nov. 

25 

2-50 

Dec. 

2 

2-50 

Nov. 

25 

2-0 

Dec. 


2-5 


26 

2-751 

11 

3 

2-00\ 

ii •' 

26 

2-51 

11 

3 

2- 5j 

11 

27 

2-75) 

11 

4 

2-00/ 

n 

27 

2-5] 

11 

4 

2-5 

ii 

28 

2-00 

11 

5 

2'00i 

ii 

28 

2-0 

11 

5 

2-5 

ii 

29 

3-50 

11 

6 

2-00) 

ii 

^9 

3-5 

11 

6 

2-5) 

ii 

80 

2-50) 

11 

7 

2-25' 

ii 

30 

2-71 

11 

7 

2-5 

Dec. 

1 

2-50| 

11 

8 

2-25 

Dec. 

1 

2-7) 

11 

. 8 

2-5 


3. Bombay to Madras. 

1854-5, December 8 to February 27. 

Madras Observatory, at Madras Noon M. T., 1855, February 27. 

Chron. 1. Cbron. 2. 

6* 31 m 41 B -8 a.m. 6 h 29 m 48 4 * * * 8 -5 a.m. 

Bombay Observatory, at Bombay Noon M. T., 1854, December 8. 

Chron. 1. Cbron. 2. 

7 h 5 m 2“ a. m. 7 11 3 m l 8 a. m. 

Rate: Losing 3 s - 12 Rate: Losing 3 8 -05. 

At tbe Madras Observatory the daily rate of Chron. 1 was determined from 
February 12 to 26; the following results were obtained: 

Chronometer 1. 


Losing. 

Losing. 

Losing. 

February 13 3"- 17 

February 18 2 '70 

February 23 2-73 

„ 14 2-84 

•„ 19 2-82 

„ 24 2-48 

„ 15 3-50 

,, 20 3-07 

„ 25 2-40 

„ 16 2-46 
„ 17 2-37 

„ 21 2-00 

„ 22 2-73 

„ 26 2-70 


Mean Rate: Losing 2 s • 71. 


4. Madras to Calcutta. 

1855, February 27 to March 8. 

Surveyor G-eneral’s Office, Park-street, Calcutta Noon M. T., March 8. 

Chron. 1. Chron. 2. 

5 k 58 m 40 8 -8 5 h 57 m 0 e *3 
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Madras, Noon M. T. February 27 : 

Cliron. 1, Chron. 2. 

6 U 31 m 41 s, 8 a.m. 6 h 29 m 48 8 -5 a.m. 

Mean Rate: Losing I s ' 4. Mean Rate: Losing 2 s- 60. 

A.-fc the Surveyor General’s Office at Calcutta the daily rates obtained by direct 
comparison were : 




Chron. 1. "j 




Chron. 2. 





Losing. 


Losing. 



Losing. 



Losing. 

March 

9, 

4-77 

March 14, 

2-25 

March 

9, 

4-27 

19 

14, 

3-25 

99 

10, 

2-43 

„ 15, 

2-81 

99 

10, 

3-43 

19 

15, 

2-31 

99 

12, 

2-49 

„ 19, 

3-05 

99 

12, 

3-49 

99 

19, 

3-70 

It 

13, 

4-48 

„ 20^ 

4-28 

99 

13, 

4-48 

19 

20, 

2-78 




Mean Rate 

3-32 




Mean Rate 

3*46 


Olxron. 1 was purposely allowed to run down, since we wished to_ take one chro- 
nometer with us, carefully packed away, in order to see how far this plan would avail 
in keeping the rate uniform. 

(Jliron. 2 stood, when last compared at Calcutta, a day before our departure: 

1855, March 22: 5 h 56 m 17 8 -2 at Calcutta Mean Noon. 

1855, March, to 1856, April. 

During this period, chron. 1 could be used only for the determination of 
intervals of time, when observations of latitude or of horizontal magnetic intensity 
by vibrations were made; the time read must be considered as arbitrary; for on the 
way from Calcutta to Nainital we bad packed it away in a large stuffed bag, in 
order to prevent alterations in its rate by the heavy shaking of the dak carriages. 

13oth chronometers were also taken with us on our journey to Gnari Khorsum; 
but "both got injured. 

oc. First period. Chron. 1. While we were crossing the Sakh pass on the night of 
July 1 (], in secrecy and disguise, this chronometer fell off a little stone, on which it 
had been deposited with other luggage during a short halt. An alteration of the rate 
ensued, the amount of which was again determined at the Massuri Observatory, 1855, Nov. 

Xhe rate, ascertained by J. H. Hennesser, Assistant G. T. S., was found to be : 

Chron. 1, Losing l s, 2. 

CJliron. 2 was kept going from March to July 13, 1855. At A Laptel we 
found that it had stopped, though we were unable to assign any reason for its so 
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doing; comparisons with chron. 1 showed, however, that it had kept its rate. We set it 
afresh at Laptel, and it continued going till after we had reached A Dira, August 12. 
When set again, it kept the rate as before, till A UUa Tingding, 1855, September 7. 

Chron. 2, 1855, July 14, Mean Noon, 6 h 21 m 57 s . 

We adopt, as rates for the periods detailed above, the mean of all the preceding 
rates, viz., for 

Chron. 1. Chron. 2. 

Losing 2 s -46. Losing 2 s -85. 

Frequent mutual comparisons of the two chronometers were made during the journey, 
and they showed that both chronometers kept their rates. Chron. 1 had been keyed 
and compared with Chron. 2 at Nainital. 

[3. Second period. Chron. 2. When Adolphe was the second time out in Gnari 
Khorsum, the Bhutia, Ramu, who carried the instrument, fell down a precipice near 
A Ulla Tingding, 1855, September 7, and was dashed to pieces. Singularly enough 
the chronometer was not stopped by this accident, its rate, however, was much 
altered, and became very variable. The chronometer was partly repaired at Simla, in 
April, 1856, but we did not find it advisable to use it again as a chronometer after 
this catastrophe. 

7. Third period. Chron. 1. 1856 and 1857. The rate of chron. 1 was found at 

Simla to be losing I s * 7, and this rate has been adopted in the calculations as far as Dah. 

At Simla, May 15, Mean Noon Simla Time, we had 

h m s 

Chron. 3. 6 28 21 a.m. 

Chron. 1. 6 25 21 a.m. 

When Adolphe passed through the Chetanga valley, the kuli with the chronometer 
remained behind, and the chronometer ran down. 

It was wound up at Hushe, 1856, July 14, and from then gave arbitrary time. 

A similar accident took place again near Tashing, September 22. 

From this date, up to the period to which our brother’s observations, as far as 
they have been recovered, extend, the chronometer appears to have kept going without 
stoppage. 

From 1856, July, to 1856, October, the rate adopted was = 0 s - 0, which also agrees 
with comparisons at Srin&gger with chron. 3, the rate of the latter being — 1 8- 01 gaining. 
The observations of chronometric longitudes, as far as Dah, were referred to Simla; 
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from 1856, September 20, Srin&gger was the place of reference. But for the short 
isolated period from 1856, July 8 to September 20, we were obliged to take Shlgar 
as the starting point. We adopt as longitude of Shlgar, from the most careful com- 
putation of various distances, 75° 45' 30". 

For Srin&gger Mean Noon we obtained: 

li m s 

October 24, by Chron. 3, 6 40 20 
„ by Chron. 1, 7 14 22. 

1856-7. 

For the observations during the last period' of our brother’s journey we deduced 
the rates of chron. 1 from the observations at M&rri and at Dera Ismael Khan. The 
longitudes of these places are taken from the (x. T. S. as detailed below, where our 
own observations are given. 

Marri. Dera Ism&el Khan. 

Long. E. Grf. 73° 22'-7 in arc Long. E. Gr. 70° 56' * 5 in arc 

n ii 4 k 53 m 31 s in time „ „ 4 l1 43 ra 46 B in time 

Mean Noon . . 7 h 19” 30 8 Nov. 13, 1856. Mean Noon . . 7 k 23™ 10 8 Eeb. 25, 1857. 

m m 

Difference of Longitude 9 45 

„ of the Mean Noons 3 36 

Lost in 104 days 369 
Mean Eate: Losing 3 8 -55. 

c. CHRONOMETER 4; 1856 to 1857. 

Chron. 4 is a box chronometer by Parkinson and Frodsham, with the original 
number 2295. 

We received this instrument through the kindness of Major Jacob, the Govern- 
ment Astronomer in Madras, March, 1856. 

Its rate was large, but it remained pretty uniform when the chronometer was 
left undisturbed for some days in one place. 

The rates determined are : 

8 

at Madras, March 1856, Gaining IT 7 
at Leh, July 1856, Gaining 14 - 0 

at Bombay, April 1857, Gaining 13 0. 

A series of careful comparisons with chron. 3, during our journeys between Simla and 
Kashmir, has, however, shown that its rate increased considerably, and sometimes be- 
came irregular, when the instrument was carried about. 


14* 
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The following table shows the result , of the different comparisons. They are 
formed into two groups, in consequence of chronometer 4 having run down during 
our ascent of the Elchi pass, when we were obliged to leave the chronometer, together 
with our other luggage, behind on the glacier. 


Year, 1856. 

.4 

Chron. 3. 

Corr. for Bate 

XlH=Gainl s -01. 

Chron. 4. 

Beading. 

Bate of Chron. 4. 

Interval of Time. 

Bate : Gain. 

Simla, May 18 

Leh, July 12 

Leh, July 16 

S&sser pass, . . August 2 
Kiuk — Kiol, . . . August 14 
Above ASumgal, August 21 

h m s 

3 58 37 

6 27 41 

8 13 20-2 

11 33 57 

2 39 13-2 

8 15 18-4 

Urns 

3 58 31 

6 45 50 

8 32 25 

12 5 15 

3 13 15 

8 51 15 

May 18 to July 12 
July 12 „ July 16 

July 16 „ August 2 
August 2 „ August 14 
August 14 „ August 21 

8 

19-9 

14-0 

(43-1) 

13-8 

17-2 

. 


On the rugged ascent up the southern slopes of the Sasser past, chron. 4 seemed 
evidently to have been affected by the heavy shaking, and the rate obtained by the 
comparison on the Sasser pass is therefore (piite an exceptional one. Later, the original 
rate very nearly returned. 

When trav elling together (Hermann and Robert) from Leh to Turkistan, we never 
had occasion to use chron. 4, chron. 3 being always in perfect order. But at Kdrgil, 
before we separated, it was set and compared again with chron. S. The comparison 
was subsequently repeated at Srin&gger and Raulpindi. 


Year, 1856. 

Chron. 3. « 

Corr. for Bate 

Xm=Gain l s -01. 

Chron. 4. 

Beading. 

Bate of Chron. 4. 

Interval of Time. 

Bate: Gain. 

Kargil, . . October 9 
Srinagger, October 30 
Raulpindi, December 3 

h m b 

1 56 15 

3 39 51 

3 0 25 

h m 6 

2 13 40 i 

4 3 25 

3 31 35 ' 

October 9 to October 30 

October 30 „ December 3 

s 

17*6 

13-4 


On the way from Kargil to Bombay, from October, 1856, to March, 1857, where 
I (Robert) had only this chronometer with me, I used it also for the determination 
of longitudes, adopting as mean rate: G-aining 15 8 - 0. This rate it seemed to keep 
on an average tolerably well for longer periods of time. 
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2. LONGITUDES BV CELESTIAL PHENOMENA. 

Longitudes can be . deduced from celestial phenomena that are affected by paral- 
lax, as: 

Eclipses of the Sun, Transits of Mercury and Venus through the disc of the Sun, Occupations 
of Stars by the Moon, Lunar Distances, either from the Sun or from Stars, 1 Altitudes of the Moon ; 

and from celestial phenomena -without parallax, as : 

Eclipses of the Moon, Immersions and Emersions of the Satellites of Jupiter, 2 3 and Culminations 
. of the Moon. 8 

The observations of Jupiter’s satellites have only recently acquired an unexpected 
accuracy by the nice calculations of Lamoiseau. 

Argelander, Pogson, and Julius Schmidt have calculated the epochs of the maxi- 
mum and minimum intensity of more than twenty variable stars. But though in theory 
such observations would give very easy determinations of longitude, they cannot be 
practically used. 

LUNAR DISTANCES. 

We used theodolites only, not sextants, for lunar distances, a method to which 
also all the formulae given below are referred. 

Per calculating longitudes from lunar distances, u = the Mean Local Time, must 
be known. We liave deduced it from altitudes of the sun (see p. 84 et seq.). 

cp = Latitude of the place, needs only to be known within one degree, to be 
able to find, with sufficient accuracy, the correction for parallax (see p. 79). 

From observations with the theodolite, we do not obtain, as we do with the sex- 
tant, the co-ordinates of both celestial bodies at exactly the same time, but with a short 
space of time intervening; an interpolation, therefore, in reference to one of the 
celestial bodies is required for reducing it to the exact time of the other. 

The various modes for the interpolation are given in detail (p. 79 et seq.); generally, 
however, we have only employed an interpolation with reference to the terms of the 

1 Professor Hansen’s detailed tables, published only in 1859, have superseded Burckardt’s former calculations, in 
which the error (gradually increasing every year) now exceeds 5 seconds. 

a Immersions and emersions of the satellites of Uranus cannot be observed with portable instruments of the 
size used hy travellers. It is hut recently that Professor Lamont, the well known astronomer at Munich, has 
published very detailed and elaborate elements in reference to two satellites of Saturn. 

3 The appearance of Hansen’s tables, 1859, renders the calculation of these observations much more accurate. 
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lirst order, the terms of the second order being below the limits of our calculations 
and observations. 

The co-ordinates of both celestial bodies having been first reduced to the same 
exact moment of time, the apparent altitudes have been transformed by the applica- 
tion of the respective values of parallax and refraction into true and geocentric altitudes 
(see p. 77 et seq.). 

The azimuthal parallax produced by the ellipticity of the earth has been taken 
into consideration, but quite approximatively, since it never "exceeded, for our obser- 
vations, the tenth of a minute. 

If h and h' — the geocentric Altitudes of the two celestial bodies, 

A = the arc of the Almucantarat of both, 

D = the true geocentric 'distance, 

we find D from the simple formula: 

cos D = sin h sin h' -|- cos h cos h 1 cos A. 

The Greenwich time corresponding to this distance is found by the aid of pro- 
portional logarithms. (For lunar distances taken by a sextant the formulae are much 
more complicated; moreover, in this case, the geocentric distance can only be found 
by the process of several approximations.) 

The difference between the observed mean local time and the mean Greenwich 
time, which is deduced from the observed lunar distances themselves, gives as imme- 
diate result the difference of longitude between Greenwich and the place of observation. 
Lunar distances can only give a satisfactory result for the determination of longitude, 
when observed with the greatest possible accuracy. The distance of the moon 
from another celestial body changes in three hours’ time only to the extent of one 
and a half degree. It is evident that if there be an error of but 30 seconds in arc 
in the observation of distance, this slight deviation from the true distance will result 
in an error of 15 minutes in arc for the longitude. 


Example for calculating Longitude by Lunar Distances. 


Station No. 21. EaulpIndi. 1856, December 2. 

Moon’s Lower Limb. 

1856, December 2. Horizontal Circle. 

li m b o / // 

u 1 29 4 H 250 49 40 

u! 1 51 39 H‘ 255 9 25 


Vertical Circle. 

0 / tl 

h 20 57 25 
h 1 17 57 15 
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li m s 

' u, 1 44 17 


Barom. 


Jupiter. 


S, 204 10 30 h, 


721 '4 millim. 

28-402 inches. Temf ' of Air 


0 / u 

54 39 45 

13-2 C. 
55-8 Fahr. 


I. Interpolation (preliminary calculation). 

m a 

u' — u — 22 35 

u, — u — 15 13 

H‘—H= 4 19-7 . 

V — h = — 3 0-1 

"W e obtain "with these values the following two equations : 
1. for AH 


2. for A h 


22“ 35 s : 15” 13 s = 4’ 19'- 7 : AZT; 


These equations give 


22“ 35 a : 15“ 13 s = 3°0'-l : Ah. 


AH = 2 55-0 


Ah = 2 1-3, 

and with these values, we obtain the following interpolated observation for the moon : 


H. 


l h 44“17 s 253° 44'- 7 18°56'-1. 

Reduction of apparent altitudes to true geocentric altitudes. 

Horizontal Equatorial Parallax of the Moon for the time of obser- 
vation = 57'- 2 log 

log cos of the approximatively corrected Altitude 1 

log of Parallax in Altitude 

Parallax in Altitude 


1-757 

9-974 

1-731 

53'-9 


Apparent Altitude ........ 

Parallax 

Refraction 

Semidiameter of the Moon . . . . 
True geocentric Altitude 


Moon. Jupiter. 

18° 56-1 54 39-7 

+ 53-9 0-0 

— 2-6 — 0-6 
+ 15-6 

20 3-0 54 39-1 


1 This value is obtained by a rough application of semidiameter, refraction, 
tude (see p. 77 et se<p). 


and parallax to the observed alti- 



METHODS FOE CALCULATIN' & THE LONGITUDE. 


113 


HI. Calculation of the geocentric distance. 

H = 253 44-7 
E, = 204 10-5 

Arc of the Almucantarat 1 . . . = 49 34-2 = A 

log sin h 9-91150 log cos Ji 9-76234 

log sin h t 9-53509 log cosfy 9-97285 

log cos A 9-81192 
9-44659 9-54711 

0-27963 
0-35246 
0 : 63209 
log == 9-80078 
Arc = 50° 47' -7. 

IV. Determination of the longitude. 

Lunar Distance for the Meridian of Greenwich. 
1856, December 2. 

0 1 Greenwich. 3 h Greenwich. 

51° 58'- 6 50° 19'- 5. 


O / 

Variation of the Moon within 3 hours 1.39-1 

Distance at 0 U — observed distance 1 10-9. 


These two values give the following equation: 

99'-l : 70'*9 = 180 ra : x\ 

therefore x = 2 h 8 m 48 s = the corresponding Greenwich Time. 


h m b 

Time by Chronometer 13 44 17 

Mean Local Noon by Chronometer . 6 46 25 

Me£n Local Time 65752 

Greenwich Time 2 8 48 

Longitude East of Greenwich .... 4 49 4 


b. LONGITUDES BY ECLIPSES OF THE MOON. 

Eclipse observed at Pashmln in Kishtvar. 1856, October 13 to 14. 

Latitude North. Longitude East Green. Height. 

33° 57' 75° 41' 30" 8,350 feet. 

1 The Azimuthal parallax has been neglected in the calculation. 


I. 


15 
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The latitude and longitude of Pashmin is deduced approximatively from our 
itineraries; but this eclipse could be referred by chron. 3 directly to Srin&gger, the 
rate of the chronometer being very well known, and the time being determined soon 
after our arrival in Kashmir, October 24 and 25. 

Though from eclipses of the moon longitudes cannot be deduced with the greatest 
precision, on account of the phenomena to be observed not being sufficiently well 
defined, these observations were nevertheless of particular interest from the nature of 
the physical phenomena attending this present eclipse. 

In eclipses, the atmosphere produces, besides the shadow of the earth itself, an- 
other secondary shadow, which veils, as it were, the shadow proper of the earth in 
forms often indistinct and diffused, and modified by atmospherical phenomena, such 
as clouds, haze, &c. 

According to circumstances, the forms of this atmospheric shadow are variable in 
each eclipse, being sometimes spherical, and at other times of very irregular curvatures. 
The magnitude also of this shadow is extremely variable, on some observed occasions 
extending over a space of three minutes of arc, as in the year 1772, on others of one 
minute, as in 1773, and sometimes even less. The magnitude of the penumbra itself 
is also subject to similar variations. It was observed to precede the nucleus of the 
shadow from 2 to 10 minutes of time; in April, 1818, it even preceded the nucleus 
by 15 minutes. 

For 1856, when I (Hermann) had occasion to observe the moon's eclipse, no such 
observations by others of the magnitude of the penumbra are known to me. 

I found the magnitude of the penumbra equal to the semi-minor axis of the Mare 
crisium. According to various observations, the shadow of the earth itself required 
the following times for passing through the whole breadth of Mare crisium: 


Observer. Time. 

ms 

Neumayr 6 22 

Niebour 7 0 

Riimker . 5 41 

Schmidt 7 10 

Mean 6 34 


Half the value of this time is 3” 17% and this value of the magnitude of the 
penumbra I adopted for the calculation of longitude from occultations of Tycho and 
Mare crisium. 
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Observed Ingress oe Various Objects on the Surface of the Moon. 

a. Circellus Tycho. 

This high circellus forms, on account of its radiated and extremely ramified 
system, the most conspicuous object on the surface of the moon, and is very favourable 
for observations of ingress. It is situated in the south-east quadrant of the moon. 

The following observations of the ingress of Tycho have been made in Europe. 
Tor convenience of direct comparison we have reduced the observed local times to 
Greenwich time: * 


Place of Observation. 

Observer. 

Ingress of Tycho. 

First Limb. 

* Centrum, 

Second Limb. 

Hamburgh 



Alton a 

Hamburgh 

11 

Hoya in Hanover . . 

Neumayr .... 
Niebour 

Peters 

Riimker 

Schmidt 

Winnecke . . . 

h m s 

9 39 28 

9 39 31 

9 39 3 

9 39 49 

9 40 1 

9 38 33 

h m a 

9 40 26 

9 40 27 

9 40 46 

9 39 45 

h m s 

9 40 55 

9 41 2 

9 41 0 

9 41 1 

9 41 21 

9 40 15 

Mean 9 39 24 j 

9 40 21 

9 40 56 


At Pashmin I had: 

Ingress of the Centre of Tycho in the Nucleus, 

Mean Local Time of Srinagger 

Observed Magnitude of the Penumbra. . . . 

First Contact ' 

Ingress at Greenwich 

Srinagger East of Greenwich in Time 


14 44 58 
3 IT 
14 41 41 

9 40 10 (Mean from first and second Limb 
5 1 31 of Tycho) 


in Arc = 75° 22' 40". 


b. First Limb of Mare crisium. 

This Mare is an extensive and well defined circular depression, which to the eye 
appears to make an ellipse in the north-west quadrant of the moon. 


15 * 
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These* are, as far as I know, the only observations of Mare crisinni taken in 
Europe. The great variations in the observed time shofa that the observations are 
extremely difficult. 

I observed at Pashmin: 

h m s 

Ingress of the first Limb of Mare prisium at 15 30 11 (Srinagger Time) 

Observed Magnitude of Penumbra 3 17 

Eirst Contact . 15 26 54 


Ingress by Greenwich Time . 10 23 28 

Srinagger, East of Greenwich in Time 5 3 26 

' „ in Arc = 75° 51' 30". 1 


Explanation of the Plate. 

The first part of the plate represents the motion of the moon through the 
shadow of the earth. The horizontal line represents a part of the ecliptic. It is 
intersected by a second line at an angle of 5° 40', which is the angle formed by the 
relative orbit of the moon with the ecliptic. 

/ 7 / 

The hor. mot. of the Moon is; In Latitude = AjS=+'831 

„ „ In Longitude = AX = + 38 5 

For the Sun, the hor. mot. is = AX' = + 2 39 

The relative motion of the Moon in reference to the shadow of the 

Earth is. therefore . ‘ = A L = 35 26, , 

and the Angle of the relative orhit of the Moon . . = arc tan = 5° 40'. 


5° 40'. 


Latitude of the Full Moon. . +29' 44/' North 

Full Moon at 10 h 59 m Green. Time. 

Starting with this time, the ecliptic has been divided into hours. The figure 


1 For details in reference to the longitude we adopt, see Srinagger, station 61. 





Leipzig: Y, A. Brockhaus. Engraved. Tjy L.lSraatz, Berlin. 
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shows for every moment the position of the moon in reference to the shadow of the 
earth. 

The second part of the plate contains three figures, which show the three parts 
of the earth as selenocentrically seen at the beginning, at the middle, and at the end 
of the eclipse. 

By these three .figures, which are purely mathematical, without regard to the 
refraction, it can, at the same time, he seen through which parts of the atmosphere 
'surrounding the earth the sun’s rays were refracted before reaching the moon. 

Physical Remarks. 

The begi nnin g of the eclipse took place October 14 .at about 2* 24“ a.m. local 
t im e ; the atmosphere being perfectly clear, and the sky without a cloud in any 
direction. 

Particular attention was directed to the appearance of the milky way. The 
part of the heavens where it was expected to appear was pointed out to Mani, one of 

my people, who was told to call out as soon as he could observe it. 

The milky way became visible at 3* 57 m , or l h 33 m after the beginning of the 
eclipse, singularly enough precisely coinciding with the maximum of the eclipse. At 
Santiago in Chili, Director Moesta 1 also saw the milky way appear in the moment of 
the greatest darkness, — in this agreeing more exactly than could have been expected 
with my own observation. - 

I also directed my attention to the changes of darkness during the progress of 
the eclipse. The obscured limb of the moon remained perfectly visible through the 
telescope from first to last. The darkness of the shadow was decidedly greatest at 
the beginning; for the first five minutes I could not distinguish any forms on the 
surface of the moon; but even during this period the limb remained visible in the 

telescope. The colour of the obscured part was that of Chinese ink, with a faint 

yellowish lustre, very similar to thick Chinese ink, when dried upon porcelain. But 
by degrees the darkness became less intense ; the colour changed into a violet tint, 

and gradually became less and less dark. 

Ten minutes after the beginning (2 k 34 m ), the larger forms already appeared, but 

just distinguishable, as if drawn with ink on smoky paper. 


1 Astro no mis che Nachrichten, 1857, No. 106(5. 
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Soon. after the nucleus had reached the Mare crittium, the ponmubm was n<» 
longer visible, since the general intensity of the shadow had decreased. 

During the middle of the eclipse, the obscurity had so much diminished, that in 
the telescope- all the chief forms on the moon’s surface could bo seen; Mure erisium 
could be distinguished even with the naked eye. 1 The colour had now become 


a reddish violet 

Ab to the intensity of the darkness at this time, 1 can best, give an idea of it 
by comparing it with the result of on experiment made by myself the following morning r 
The surface of a rotatory cyanometer 1 , 1 found, best represented the colour of the mm,,,, 
when 65 per cent, of its surfece was covered with cobalt bine of the colour of the 
cake, with 5 per cent, of white, and 30 per cent, of carmine red. The r, waiting intensity 
of colour, compared with the white surface of paper, also seemed to me a,,,, mri, natively 

to represent the difference of intensity in the light Ween the ill,„„innte,l „,„l 
obscured part of the moon. 

hater I could not observe any increase in the darkness. 26 minutes after the Inst 
observations rnMare enstan, at 8* 58 -s.k, Srindgger time, the moon „ I, in, I 

"ie r^Tt rr mtt7 of *• ma ° f *• ^ “ »•* >«™ i»« 

t: . A rea ’ * - “ - 

Mowtheanteerep^ra^r; 8 

In reference to the phenomena of light and colour observed particular ft f 

:: xhrr s r::r:r ot r pto — — 
*• - — :t: in th ° — — -■ 

"f rain-clouds in the torrid and tem t ^ 8 ° F &t leaMt t,f ai,H0 *n i ‘‘ 

October. Beside, in !7 ^ *“ “ ™°„th „f 

■he atmospheric tone reL up^nTd ^ “* “ ° f «- periphery 

The latitude of tho v • 

are tl0 * ^ «J influence 8 iTtofot £ a ‘*P be *> conditions of tins 

colour of the moon, and the reddish tint 

— »— or 

% ■■ " - „ AV „, 
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being considered principally as the effect of atmospheric moisture, the circumstances 
above mentioned must have considerably modified its intensity and colour. 


lo complete the methods which can be used for the determination of longitudes, 
we have yet to mention, the use of terrestrial signals. 

Such observations can only be taken, when the distance of two respective stations 
does not exceed a certain amount. Heliotropes are to be used during tbe day time, 
and strong disappearing lights for the night. Among the latter, we name Argand’s 
reverberatory lights, and especially the Drummond lights, which are visible, even in 
hazy weather, at a distance of from 60 to 80 miles. They are very generally nsed 
by the Great Trigonometrical Survey of India. 1 * 

Tor greater distances, telegraphic signals have been used with great success for 
verifying the longitude of different observatories in Europe. In India also Sir 
W. B. O Shaughnessy has recently commenced such experiments. 11 

We employed lunar distances (example, Raulpindi, station No. 21), and in one 
case the eclipse of the moon at Pashmin. 

Y. METHOD OE EQUATIONS OE -CONDITION. 

This method was employed . for stations, for which the nature of their position, 
or the material of the observations, made it desirable to enter more into detail, the 
values of <p and T having previously been ascertained by a first approximation, 
according to one of the methods explained above. 3 

The first approximation is based on two or three values, but it is insufficient in 
itself to take into consideration the values of the other observations. 

The application of the method of equations of condition offers the advantage, 
that it does not deduce the values of <p and T from two or three single observations 
only, but from the entire series of the altitudes, representing each single observation 
with the least possible error; and that it is also possible by this means to detect the 

1 Thuilliers “Manual of Surveying’”., London, 1855, p. 370. 

a Allen’s Indian Mail, 1859, December 30, p. 1065. 

3 Compare methods I., II., III. 
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accidental errors of the observations. It shows, moreover, in general, the weight 
which can be assigned to each single observation. 

The method of “equations of condition” is based upon the principle, that the 
probability of small errors is greater than that of large ones. It must be further 
supposed that the values of co 0 and T 0 be known with such a degree of exactness, as 
to render it possible to consider the remaining deviations of the single observations 
as the first differentials. 

Such equations of condition can be employed either for latitude or longitude. 

a. DETERMINATION OF LATITUDE. 

For each single observation we use the following equation: 

sin h — sin 9 sin 8 -f- cos 9 cos 8 cos t. (1 a) 

This equation gives, when cp 0 and t 0 have been substituted for 9 and t, a comparison 
of each single observation, so that 

Ji — arc sin (sin cp 0 sin 8 + cos <p 0 cos 5 cos t Q ) 4- dh. 

T is considered so far known as not to alter 8 ; and it is necessary that the 
values, of the parallax and of the refraction are applied, so that dh indicates the 
true differential of the altitude. 

The method is entirely based on the relation of d h to the two diff erential elements 
d<p 0 and dt 0 . 

By the differentiation of the equation for sin h we obtain 

cos h dh — (cos 9 sin 5 — sin 9 cos 8 cos t) dy — cos 9 cos 8 sin t dt. (A) 

The products of the values sin 9 sin 8, cos 9 cos 8 cos t, having already been 
formed during the process of comparing the observations, it is much more expedient 
to alter the formula in a manner which allows of the values of these products being 
used again. 

The formula then becomes: 

cos h dh = (sin 9 sin 8 cotan 9 — cos 9 cos 8 cos t tan 9) ^9 — cos 9 cos 8 cos t tan t dt. (A a) 

This is the formula usually adopted by us for calculating latitudes by equations 
of condition. 

The equation (A.) contains the two unknown values <£9 and dt, for the deter- 
mination of which two values dh would be sufficient; but the values of dy and dt 
can be determined from all the existing values of dh. 
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1. If the observations divide themselves into two groups, the mean of the 
corresponding values of dh can be taken for each of the two groups, and we are at 
the same time enabled to find out any error in the observations, which is then 
excluded from the mean. 

For example: 

The values of dh for the two groups at Cherra (station No. 5) are as follows: 


t 

dh 

o 

3 * 1 

— 3-7 

1. Group ) 3 * 

— 3-7 

) 8-1 

(-0-5) 

^ 9-2 

— 2-9 

II. Group j 39 ' 7 

— 2-4 

(41-0 

— 2'6 


According to their positions, the observations of the first group and those of the 
second could be used for the means, but, as the third observation shows a great 
deviation, it has been excluded from the mean. The first approximation alone would 
not have sufficed to show the errors of this observation. 

In this particular case the principle of probability could be still more strictly 
applied, especially if each differential equation were multiplied with the number of 
observations from which it is derived. 

2. If the observations arrange themselves in more than two groups, a corresponding 
number of differential equations must be formed. The application of the method of 
least squares is then indispensable. We select as example Gohatti: 

In Gohatti (station No. 4), five groups must be formed on account of the very 
different values of t. 

Gohatti : 



t 

dh 

I. Group 

(- 36° 3 

1— 34-7 

+ 9*4 
+ 8-6 

II. Group 

— 14-2 

+ 1-9 

III. Group 

— 3-7 

+ 0-3 

IY. Group 

+ 14-7 

— 5-2 

Y. Group 

37-0 
( + 38-3 

— 8-0 

— 8-3 


i. 


16 
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If in such a manner any number of equations have been obtained as : 

0 - — dh — j- d d^p b dt 
0 = dll' -f o' d<p -f- b dt 
0 = dh" -f a" dtp -f- b" dt 


and if 2 (a) 2 3 be the sum of the squares of the co-efficients of di p, 

2 (Z>) 3 the sum of the squares of the co-efficients of dt , 

2 ( ah ) the sum of the products of the co-efficients of d ( p and dt, 


2 (adK) 2 (bdh) the sum of the products of a and b in dh, 

then the two final equations are: 

0 = 2 (of 59 + 2 (ah) dt •+ 2 ( adh ) 

0 = 2 (ab) dtp + 2 (6) 3 dt + 2 (bdh), 

from which dtp and dt are deduced, so as best to be adapted to the entire series of 
observations. 

If, in this second case, the weight of the different equations of condition is taken 
into consideration, the corresponding equation must be multiplied with the radix of 
the number of the observations from which the equation has been deduced. 



EXAMPLE FOR THE CALCULATION OF LATITUDE: MaRRI (STATION No. 64 .) 

1856, November 13. 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


From these deviations two groups were formed, corresponding to the position of 
the different' observations: 

First Group. . Second Group.. 

dh dh 

— 0-8 + 0-2 

— 0'6 -(- 0-2 


— 0-0 (+ 2 - 6 ) 

mean dh — 0-5 _|_ 0-0 

mean dh + 0-1 {dh No. 6 being excluded) 

log sin 9 sin 8 . . = 9 - 24 tt log sin 9 sin 5 = 9‘24 n 

log cotan 9 . . . . = 0-17 log cotan 9 =0-17 

9 -41 n FTln 

log cos 9 cos 8 cos t = 9-90 log cos 9 cos 8 cos t = 9-70 

log tan 9 ..... ■ == 9’83 log tan 9 =9-83 

9-73 9-53 

nat. num nat. num 

— 0-26 ’ _ 0-26 
— 0-54 _ 0-34 

co-effic. of dq > . = — 0-80 . co-effic. of dip ...... — — 0-60 

log = 9-90 log = 9-78 

log cos 9 cos 8 cos t = 9.90 log cos 9 cos 8 cos t ..... . = 9-70 

log tan t = 8~90 n log tan t = 9-81 

log co-effic. of dt. ='8-80 log co-effic. of dt = 9 t 5 T„ 

log dh . = 9-70 log dh = 9-00 

log cos h = 9-89 log cos h = 9-98 

log cos h dh . . . = 9-59 log cos h dh = 8-98 

These values give the two logarithmic equations of condition: 

0 = — 9-59 — 9-90 d<? + 8-80 dt 
0 = -f 8-98 — 9-78 dy — 9-51 dt. 

The solution of these two equations gives: 

(?9 = — 0'-4 

dt = -)- l'-l; therefore dT = — 4 s- 4 
9 = 33° 51'- 0 
T = 7 h 19“ 30 s . 


In order to show the greater precision resulting from the application of this method, 
each single observation has been compared with the last definitively resulting elements. 
This, however, was effected, not in the direct way, but by the corresponding differential 
equations. The errors are: 
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Observations 1.. — 0 '3 
„ 2 . - 0-1 
3 . + 0-5 


Observations 4 . + 0 • 1 
» 5-. -I- 0-1 

» 7." - O-l 


The final correction is not very considerable, as the observations have already been 
very well represented by the first approximation. 


i. CALCULATION OF THE LONGITUDE BY EQUATIONS OF CONDITION. 

We limit ourselves to showing, in a general way, the application of this method 
also to longitude. The method can be successfully applied only, when there are two 
variables. 

For the latitude, these two variables were c?<p and dt. For the longitude, <p and 
T are considered to be exactly known, the variables being here, S = the declination, 
and JR. A. — the right ascension of the moon. 

The longitudes are then calculated in the same way as the latitudes, but instead 
of the equation (A a) 

cos h dh = (sin 9 sin 8 cotan 9 — cos 9 cos 8 cos t tan 9) dcp — cos 9 cos 8 cos t tan t dt , 

the following, formed according to the same principles, is used: 

cos h dh = (sin $ sin 8 cotan 8 — cos 9 cos 8 cos t tan t) dh 
— cos 9 cos 8 cos t tan t dt. (A (3) 

On the supposition of great correctness in the observations, the resulting values 
of d t and d 8 will both give the same differential of longitude, thus allowing of a very 
minute control of the observations. 

Besides this, it would be possible to express the differential of longitude in 
functions of time; but this operation is best reserved for the numeric process. 



SECTION n. 


OBSERVATIONS FOR THE DETERMINATION OF GEOGRAPHICAL 

CO-ORDINATES. 


A. INDIA. 

Group I. Assam and Khassia Hills: Stations 1 to 5. 

Group II. Delta of the Ganges and Brahmaputra: Stations 6 to 9. 
Group HI. Yalley of the Ganges and its Tributaries: Stations 10 to 18. 
Group IY. P&aj&b, Sindh, and KSch: Stations 19 .to 80. 

Group Y. Central and Southern India: Stations 31 to 43. 

B. HIGH ASIA, 

a. ffimdlaya. 

Group VL Bhut&n to Nepal: Stations 44 to 49. 

Group YU. K&maon and G&rhval: Stations 50 to 55. 

Group Vlil. Simla to Hazara: Stations 56 to 64. 

b. Tibet. 

Group IX. Gnari Khorsum: Stations 65 to 73. 

Group X. Laddk: Stations 74 to 83. 

Group XI. Balti and Has6ra: Stations 84 to 92. 

c. Karakorum and Kuenlum . 

Group XH. TurMstan: Stations 93 to 113. 

Concluding general remarks and results. 


In India, the operations of the Great Trigonometrical Survey, under men so 
distinguished as Lambert, Hodgson, Everest, and the present able superintendents, 
Colonel A. S. Waugh and Major H. L. Thuilher, are well known to be executed with as 
perfect accuracy and fulness of detail as the best existing. In places, therefore, the 
positions of which have been previously fixed by the general triangulation, we give 
their determinations as definitive results. But even in such stations our own obser- 
vations were indispensable for obtaining Time and Meridian. 
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In some few places, however, our time, limited by the difficulties of travelling, 
only allowed us to make observations of magnetic intensity. In quoting the deter- 
minations of the Great Trigonometrical Survey, we mark them G-. T. S. Some of the 
determinations, contained in the Appendix of the '“Manual of Surveying”, by Smyth 
and Thuillier, London, 1855, p. xcvi., are marked Thuill. App. We adopt as longitude 
of the Madras Observatory: 80° 13' 56" East Green. 

In countries not yet properly surveyed, such as many parts of the Himalaya and 
of Tibet, we had no other material for comparison than maps, the nature of which 
did not allow of so accurate and direct a comparison. In general, we give no 
latitudes or longitudes taken from maps. At the end of this part, in the “Con- 
cluding General Remarks and Results”, we have drawn up a general list of the prin- 
cipal original maps of the Himalaya and of Tibet for comparison. 

In the Himalaya, where the operations of the Great Trigonometrical Survey 
extend only to the determination of single peaks, and in the as yet unsurveyed coun- 
tries of Tibet and Turkistan, the determination of the geographical positions became 
of equal importance with the magnetic observations. In these territories, when diffi- 
culties presented themselves, as they did occasionally, for extending our. observations, 
we considered it desirable to determine latitudes and longitudes in preference to 
magnetic observations. 

The following groups, therefore, contain all the stations where latitudes and 
longitudes have been determined by us, as well as those where magnetic observations 
only have been made. 1 

In India, the stations generally follow each other 2 from East to West and from 
South to North. ■ Every station is preceded by a short topographical explanation, 
having reference chiefly to the position of the instruments. 

The heights refer to the place where our magnetic instruments were put up, and 
are given in English feet; the observations on which they are based will be given in 
detail in the second volume. 

1 The materials of our observations are contained in Vols. 5, 9, 10, 11, and 12 of the manuscripts quoted 
p. 8. We give, as -will be seen, all the detail of the observations, even including readings ■which are occasionally 
affected by (comparatively small) errors of observation. 

2 The chronological order is a matter of comparative indifference, and may be seen in the itinerary, pp. 11 to 35. 
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A.M. and P.M. will be seen to refer to apparent local time, and not to time 
by chronometer. 

We were authorized to engage a computer, Mr. Charles Linsser, to assist ns in 
the publication of this volume, and we profit by this occasion to make particular 
mention of his zeal and activity. 


A. INDIA. 

GROUP I. 

ASSAM AND KHASSIA HILLS. 

STATIONS 1 to 5. 

Dibrugarh. — Tezpur. — Uclelguri. — Gohatti. — Cherra Punji. 

No. 1 . DibrugIrh, in Upper AssIm. 

This is a permanent military station on the Brahmaputra, farthest removed from 
its mouth. S&dia, though still higher up the river, is only temporarily occupied by 
an officer and his escort. 

The observations were made on the left side of the Brahmaputra, near an open shed 
erected for the free use of Bhutias and of neighbouring hill tribes, when coming for 
trading purposes to the station. Such sheds are called “ namg&xh ”, and are to be 
seen in- many of the villages of Assam. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

27° 32' 0" 94° 57' 35" 395 feet. 

Observations: 1856, February 5. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 
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Latitude. 


1856, 

February 5. 

Sun, Upper Limb. 

Horizontal Circle. Vertical Circle. 

1) 

Ii m s 

3 0 39 

P. M. 

O / II 

263 44 0 

O 1 II 

46 32 55 

2) 

3 9 41 

266 52 20 

46 20 0 

3) 

4 19 ‘42 

285 4 10 

41 16 18 

4) 

7 23 40 

325 810 

11 26 40 

Barom. 

( 754‘6 millim. _ 

5 rw-v • i Temp, of An* 

( 29’ 709 inches. r 

( 19-2 C. 

( 66' 6 Fahr. 


Calculated by Method I., from observations 1 and 4. 

1. 4. 


/ // 

Refraction — 052 

P arallax — j— 0 6 

Semidiameter — 16 15 

Sum of Corr. ... — 17 1 


j n 

— 4 28 
+ 08 

— 16 15 

— 20 35 


1) h corr. = 46 15 54 S = — 16 9 10 

4) h' corr. = 11 6 5 S' = — 16 5 53 

Latitude N. ....... . 27° 32' '0. 

The latitude by a preliminary determination of the Gr. T. S. (Thuill. App.) is 
27° 31' 45", based on Wilcox and Bedford’s Survey of Upper Assam. It perfectly 
agrees with our results. 


Time. 

h m s 

Apparent Noon, deduced from the Altitude of the Sun, from observ. 1 2 52 5 
„ „ „ observ. 4 2 52 6 


We give the preference to the latter, on account of the altitude being 35° lower; 
but, the values, being identical, also serve as a control of the observations. 


h m s 

Apparent Noon, adopted 2 52 6 

Equation of Time . . + 0 14 15 

Mean Noon 2 37 51 


Longitude. 

Our Chronometer giving in Upper Assam arbitrary time only, we adopt the 
Longitude of Thuill. App = 94° 57' 35" East Grreen. 


i. 


17 
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Meridian. 

Meridian, deduced from the observations of the Sun 260° 47' -1. 


No. 2. TizpuR, in AssIm. 

Coming from Bhutan, this was the first station I reached. It is situated on the 
right side of the Brahmaputra, and has during the last few years become a very 
important place for the manufacture of lac, and for the cultivation of tea and indigo. 

Tea ought to be particularly mentioned in connection with Tezpur, on account 
of Mr. Bruce, a resident of this station, having first found it growing wild in Assam. 

My instruments were placed near the circuit bangalo, a government building 
erected on a slight eminence for the temporary residence of officers while travelling. 


. Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 34' 85" 92° 46' 45" 239 feet. 

Observations: 1856, January 25. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


1856, January 25. 

Latitude . 

Horizontal Circle. 

Vertical Circle. 

h m a 

A.M. 

Sun, Lower Limb. 

0 / // 

o / // 

1) 1 32 33 

269 10 35 

43 40 58 

2) 1 39 42 

•271 49 45 

43 51 45 

3) 1 46 41 

273 50 5 

43 56 38 

4) 1 52 40 

275 28 0 

43 59 18 


F.M. 

Sun, Upper Limb. 

h m s o / ti 

5) 2 4 10 „ 279 35 40 

6) 2 16 40 280 40 45 


O / It 

44 28 15 
44 12 45 


__ ( 755*3 million. 

Barom. < . , 

( 29*737 inches. 


Temp, of Air 


27*4 C. 
81*3 Fahr. 


Calculated by Method 111. from the Altitude nearest the Meridian. 
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■ / u 

Refraction . — 0 56 

Parallax -f- o 6 

Semidiameter + 16 18 

Sum of Corr -J- 15 28 


True Altitude of Sun’s Centre at Culmination, calculated . . . = 44 16-4 

Declination = 5 . = 19 9-0 

Latitude N. — 26 34 • 6 

Latitude N. (Thuill. App.) .' . . 26° 36' 45". 


2 1 22 
-f 12 28 
1 48 54 

Longitude. 

The adopted longitude, as given above, is taken from Thuill. App. 

Meridian. 

From observations of the Sun 278° 11' -3. 


Time. 

Apparent Noon, deduced from obs. 2 and 3, and 3 and 4 = 

Equation of Time = 

Mean Noon 


No. 3. Udelgori, in Assam. 

Situated at the southern end of the road from Lhassa to Assam, via Tauong 
and N&rigun, through the country of the wandering Kampo-Bhutias, it is an important 
trading station, with extensive bazars much used at periodical fairs. 

The instruments were put up near a government house, constructed of bambu 
and cane, in charge of the daroga of the place. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 45' 40" 91° 56' 30" 352 feet. 

Observations: 1856, January 2. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


1856, January 2. 

Latitude and Time . 

Horizontal Circle. 

Vertical Circle. 

li m s 

A. M. 

Sun, Centre. 

011 1 

0 / u 

1) 2 26 29 

306 33 20 

20 32 20 

2) 2 41 52 

309 12 30 

23 1 55 


17 * 
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Sun, Upper Limb. 



li in a 

0 1 n 

O III 

3) 

2 51 23 

310 16 50 

24 50 55 

4) 

2 59 41 

312 18 5 

25 59 10 

5) 

5 2 44 

342 20 20 

39 22 50 

6) 

5 11 14 

344 49 30 

39 46 5 



P. M. 



h in s 

0 / // 

O / // 

7) 

5 48 57 

356 6 35 

40 31 44 



Sun, Lower Limb. 



li m s 

0 / // 

O III 

8) 

6 32 39 

9 5 10 

38 47 20 

9) 

6 39 48 

10 30 15 

38 27 20 


( 754*3 millim. 

O 

( 23*0 C 

.Barom. { Temu. 

1 29-697 inches. 1 

of Air ™ 

73-4 Fi 


At Udelguri, the observations were calculated more in detail, in consequence of 
* 

the greater number of observations, and on account of this place being well situated 
as a starting point for some longitudes by chronometer. 

First Approximation. 

For tbe first approximation, the mean of observations 3 and 4 = L, and obser- 
vation 7 = II., are chosen, as they are nearest the meridian. They are calculated by 
Method I. 

The usual corrections for these series are: 


I. II. 

Refraction — 158 { Q 

Parallax -f- 7 _|_ 7 


Semidiameter — 16 18 — 16 18 

Sum of Corr. . . — 18 9 — 17 17 

0 / 0 r 

I. h corr. = 25 6-9 8 = — 22 52-8 
II. h' corr. = 40 14-4 8' = — 23 0-5 

Latitude R 26° 45' -0 

Mean Roou (corr. for Equation of Time) 5 h 44 m I s 

Second Approximation. 

Comparison of the single observations with the elements obtained by the first 
approximation. 

Formulae: A a (p. 120). 
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The mean’ of the deviations (Calc. — Obs.) in Group A is — — 4' • 9, excluding 

observation 4 at 2 h 59 m , and the mean of Group S =■ 0 9. 

We obtain the following differential equations for reducing the errors to their 


minimum: 


1 ) 0 = — 0-68 — 9-84 dtp — 9-81 dt 

2) 0 == — 9-85 — 9-99 dtp — 9-23 dt, 


the co-efficients being logarithmical. 

The solution of these equations gives: 


dt = — 10'* 1 in Arc dT = 4 40 s -4 in Time 

• d < p = 4 0'-7; 

therefore, 

Latitude N. = 9 = 26° 45 • 7 
Mean Noon = T = 5 h 43“ 21 s . 


The following table shows the remaining errors after these new elements are 


introduced: 


No. of Observ. 

1 

2 

3 

5 

6 


Calc. — Ohs. 

/ 

— 1-3 
4 1-4 

— 0-3 

— 0-2 
4 0-1 


Longitude. 

h m s 

Mean Noon by Chron. 3, at Gohatti, 1855, December 13 . 5 44 15 

Mean Noon by Chron. 3, at TJdelguri, 1856, January 2 . . 5 43 21 

Rate for this period = IX. = losing 0 8, 17 

Correction of the Udelguri Noon for 20 days 4 0 0 3’4 

Meridional Difference between Gohatti and Udelguri .... 0 0 51 


Therefore, o / « 

Udelguri East of Gohatti 0 12 45 

Gohatti East of Greenwich 91 43 45 

Udelguri East of Greenwich 91 56 30 


For this station the G. T. S. could not supply us with data of latitude and 


longitude for comparison. 


Meridian. 


Calculated from the second approximation 


355° 36' ‘9. 
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No. 4. G-ohItti, in AssIm. 

Besides containing a large native population, this is the principal British Station 
of Assam, and the seat of the Governor General’s Agent for the provinces of the 
north-east frontier. The Brahmaputra flows by on the right. My instruments were 
put up near the house of Major Vetch, who gave me the most friendly and cordial 
reception. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 5' 50" 91° 43' 45" 134 feet. 

Observations: 1855, November 19 and December IS. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 

Latitude and Time. 

1855, December 13. Horizontal Circle. Vertical Circle. 

A. M. 

Sun, Lower Limb. 

h m s o i n oiii 

1) 3 12 17 318 0 55 29 8 10 

2) 3 18 45 319 23 45 30 2 35 

3) 4 40 41 349 53 20 38 37 5 

Sun, Upper Limb. 

h m s o in o / // 

4) 5 22 35 355 7 30 40 55 35 

P.M. 

li m s oi// oil / 

5) 6 36 18 14 8 0 39 7 25 

Sun, Lower Limb. 

li m s o / • // o in 

6) 8 5 31 • 36 7 40 28 59 55 

7) 8 10 34 37 10 10 28 17 0 

18-5 C. 

65-3 Fahr. 


Barom. 


754 ‘2 millim. 
29 ’693 inches. 


Temp, of Air 
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First Approximation. 


Calculated by Method I, from observations 4 and 7. 
The corrections are: 

4. 7. 


I II III 

Refraction — 15 — 144 

Parallax ....... + 0 7 +07 

Semidiameter .... — 16 17 + 16 17 

Sum of Corr. . . — 17 15 + 14 40 


4) h corr. = 40 38 20 5 = — 23 8-0 

7) h' corr. = 28 31 40 S' = — 23 8-4 

Latitude N -26° 5 ,- 8 


Mean Noon (corr. for Equation of Time) 5 h 43 m 17 s . 


Second Approximation. 

Calculated by formula A a (p. 120), which is used throughout in calculating the 
second approximations. 



GROUP I. ASSAM AND KHisSIA HILLS 
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In. the preceding table, we separated by vertical lines those observations, the 
differentials of which could not be considered identical; we thus obtain the four 
following groups: 


Groups. 

Calc.— Obs. 

t 

A. 

+ 9-0 

— 35-5 

B. 

+ M 

— 8-8 

c. 

— 5-2 

+. 18- 2 

i). 

— 8-2 

+ 37-6 


This shows that, in accordance with the observation No. 4, we may consider 
dcp = 0, and that all the corrections of the elements . consist in a correction of the 
mean noon. — Therefore, in the following equations we have put, d cp = 0: 

0 = + 0-89 — 9-84 dp + 9'68 dt 

0 = — 0-86 — 9-84 dp — 9-69 dt. 

.These equations are referred to the groups A and _D, and give: 

dt '= — 15 { *5 in Arc dT = -f- 1“ 2 s in Time. 

The corrected elements, therefore, are: 

Latitude N. . . . = p = 26° 5' -8 

Mean Noon ... = T = 5 h 44“ 19 s . 

A comparison, after introducing the new elements, shows the following errors still 
remaining: 

No. of Observ. Calc. — Obs. 


The latitude from Thuill. App. is: 26° 11' 15" N. 


■ Longitude. 

Observations of the Moon and Jupiter. 


1855, November 19. 

Horizontal Circle. 

Vertical Circle. 


P. M. 



Moon, Centre. 


. 3 h 21“ 13" 

213° 56' 50" 

56° 3' 80". 
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Jupiter. 

k 0 1 * O I II O I II 

3 10 47 234 44 20 24 42 45 

3 29 44 238 4 25 21 0 50 

_ ( 757-1 millim. m „ .. (18-5 0. - 

Barom. < . , Temp, of Air < _ _ 

( 29*808 inches f 65*3 Fahr. 

Co-ordinates of Jupiter, interpolated for the time of the lunar observation: 

3 h 21“ 13“ 236° 34/* 4 22° 40'* 6/ 

Corrections for reducing the apparent altitudes of the Moon and Jupiter to true 
geocentric altitudes: 

for Jupiter ’ for Moon 

Refraction — 2'*2 — O'- 6 

v Parallax 0'*0 + 33' -2 

o / 

Jupiter, true Altitude 22 38; 4 

Moon „ ,, 56 86*1 

Arc of the Almucantarat ' 22 46*8 

Reduced Distance of Centres 37 50*8 

h m s 

to which corresponds a Mean Greenwich Time of , 3 30 20 p.m. 

Mean Local Time . 9 36 50 

(referred to December 13, the Rate I. = losing 0 s * 17 would give 
a correction of — 3 s , which, however, does not affect the result 
within the 10 8 adopted as limit for our longitudes). 1 

Meridional Difference in Time 6 6 30 

therefore, 

Longitude East Green 91° 37' 30" 

This result happens to agree, beyond the limits which could have been expected, 
with the longitude of the Gr. T. S. = 91° 43' 45" East Green. 

Meridian. 

Calculated from Observations of the Sun by the second approximation . . 0° 3' *8. 


No. 5 . Ohehea Pfnai, in the Khasbia Hills. 

This station has been made the chief place for the political superintendence of 
the Khassia Hills and of Kachar. It is situated on the eastern margin of the Ehassia 

18 * 
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Hill a, which te rmin ate here very abruptly toward the plains. All the eastern border 
of the Khassia and Jaintia Hills is particularly remarkable for excessive precipitation 
of rain, often exceeding 600 inches in a year. Soon after the rains the climate becomes 
dry and very healthy, during which period it is found to be an excellent place for a 
sanitarium. 

My instruments were set up in an open situation, not far from the house of 
Captain Byng, who, unfortunately, was killed during the time of the rebellion, in an 
expedition against the Kacharis. 

Geographical Co-ordinates: 

Latitude North. Longitude East Green. Height. 

25° 14' 15" 91° 40' 30" 4,164 feet. 


Observations: 1855, November 4. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 


a. Observations of the Sun. 

1855, November 4. Horizontal Circle. "Vertical Circle. 
Sun, Upper Limb. 


P. M. 



h 

m a 

O 

/ 

// 

0 / 

// 

1) 

5 

40 23 

2 

24 

10 

49 43 

0 

2) 

5 

52 21 

6 

39 

50 

49 23 

40 

3) 

6 

0 14 

9 

31 

30 

49 1 

10 

4) 

6 

4 50 

11 

9 

15 

48 49 

50 

5) 

8 

6 30 

45 

26 

15 

34 19 

55 

6) 

8 

11 50 

46 

27 

55 

33 25 

50 


_ ( 660-0 millim. 

Barom. ] 

25-985 inches. 


Temp, of Air 


20-3 C. 
68-5 Fahr. 


First Approximation. 

Calculated by Method I., from Observations 1 and 6. 


1 . 6 . 

Refraction . . . — 0.41 — 1 17 

Parallax 5 + 5 

Semidiameter ........... — 16 10 ' — 16 10 


Sum of Corr. . . . 


— 16 46 


17 22 
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0 / 0 / 

1. h corr. = 49 26'3 S = — 15 10-6 

6. h' corr. = 33 8'4 5'= — 15 12-6 

Latitude N. . . . 25° 16''2 


Mean Noon (corr. for Equation of Time) 5 h 44“ 11 s . 

# 

In this first approximation, S is referred to a wrong date, where magnetic 
observations were made, hut no declination. In the second approximation, the correction 
which exactly corresponds to the time of observation has been introduced, so that 
the final result is not in the least altered. 

Second Approximation . 

The equation of time may be considered as constant, during the observations. 
The latitude, as obtained from the first approximation, is assumed in round number 
= 25° 1 T N. 



Group I. 

Group 11. 

Time of Obs. by Chron. 3. 

5 h 40 m 22 s 

5 1 52™ 21 s 

6 U 0™ 14 s 

0h 41U 49s 

8 h 6™ 30 s 

8 h 11“ 50 s 

Apparent Noon 

5 h 27 m 53 s 

5 h 27™ 53 s 

5 h 27“ 53 s 

5 k 27™ 53 s 

5 h 27™ 53 s 

5 h 27™ 53 s 

Hour Angle in Time . . 

- 0 h 12 m 29 s 

0 h 24™ 28 s 

0 h 32™ 21 s 

0 h 36™ 56? 

2 h 38™ 37 s 

2 h 43 m 578 

Hour Angle in Arc ==■ t 

3° 7'- 3 

6° 7'-0 

8° 5'- 3 

9° 14' -0 

39° 39' -3 

40° 59' -3 

8 (Sun’s Declination) . . 

— 15° 13'- 8 

— 15° 13'-8 

— 15° 13':8 

— 15° 13'’- 8 

— 15° 15' -5 

— 15° 15'- 5 

sin 9 sin 8 

— 0-11219 

-0-11219 

— 0-11219 

— 0-11219 

— 0-11240 

— 0-11240 

cos 9 cos 5 cos t .... 

+ 0-87118 

+ 0-86750 

+. 0-86380 

+ 0-86118 

+ 0-67163 

+ 0-65849 

Sum = sin h . . . 

0-75899 

0-75531 

0*75161 

0-74899 

0-55923 

0-54609 

h (True Altitude of the 







Sun’s Centre) ..... 

49° 22'- 5 

49° 3' -2 

48° 43' -9 

48° 30' -1 

34° O'- 2 

33° 5'- 9 

Refraction 

+ O'- 7 

+ O'- 7 

+ O'- 7 

+ O'- 7 

+ 1' - 2 

+ l'-2 

Parallax 

— O'-l 

— 0'-l 

- 0'-l 

— 0'-l 

— O'-l 

— O'-l 

± Sun’s Semidiameter . 

+ 16'- 2 

,+ 16'- 2 

+ 16' -2 

+ 16' -2 

+ 16'- 2 

+ 16'- 2 

Calculated Observation 

49° 39'- 3 

49° 20' -0 

49° O'- 7 

48° 46' -9 

34° 17'- 5 

33° 23'- 2 

Direct Observation . . . 

49° 43'- 0 

49° 23'- 7 

49° l'-2 

48° 49'- 8 

34° 19' -9 

33° 25'- 8 

Calc.— Obs 

— 3'- 7 

i. 

— 3'- 7 

(- O'- 5) 

— 2'-9 

— 2'-4 

It 

— 2'-6 
; 


v 

Group A (excluding — O'- 

5) 

V 

Group B. 
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For forming the differential equations, the mean of the errors of Groups A and B 
have been used, the observation No. 3 being excluded from Group A. 

I 

•Group A, Calc.— Obs. = — 3-4 
Group JB, Calc.— Obs. = — 2 • 5. 

The differential equations are: 

0 = — 0-44 — 9-81 d<p — 9 • 19 dt 

0 = — 0-32 — 9-74 df — 9-78 dt, 

the co-efficients being logarithmical. 

The solution of these equations gives: 

dtp = — 4'-5 

dt = + O'. 6 in Arc dT = — 2 6 * 8 -4 in Time; 

therefore, 

Latitude N. . . . =» <p = 25° 12' 30" 

Mean Noon ... = T = 5 h 44 m 9 8 . 


The remaining errors, after introducing the new elements, are: 

No. of Observ. Calc. — Obs. 


1 — 0-3 

2 — 0-3 

4 + 0-5 

5 + 0-1 

6 - 0-1 


6. Circumpolar Star. 


Observations of the Circumpolar Star 4 m , in the constellation Ursus Minor, close 
to the foot of Cepheus. Its co-ordinates are: 

for 1855-0 R. A. = 0 h 49“ 43 s 
„ „ 5 = + 85° 28'- 6 


1855, November 4. 
13 h 19 m 27* 


Horizontal Circle. 
180° 53' 20" 


Vertical. Circle. 
28° 56' 0" 


Barom. 


659*8 millim. 
25-977 inches. 


Temp, of Air 


17°-1 C. 
62-8 Fahr. 



GROUP i. assIm and khIssia hills. 

h m s 

Time by Chronometer . 13 19 27 

Mean Noon (2nd Approximation) 5 44 ' 9 

Mean Local Time 7 35 18 

Long. E. Green, in Time 6 6 42 

Mean Green. Time of the Observation 1 28 36 

Acceleration of Fixed Stars + 15 

Mean Time reduced to Sidereal Time 1 28 51 

Long. E. Green, in Time 6 6 42 

Sidereal Time at Mean Noon at Green., Nov. 4 14 52 40 

Sidereal Time at Ch6rra Punji ; 22 28 13 

i?. A. of Circumpolar Star ; 0 49 43 

Hour Angle in Time 2 T 38 30 

Hour Angle in Arc . . . . 35° 22'- 5 

Latitude N. by the Circumpolar Star 25° IP 50". 

c. Jupiter. 

1855, November 4. Horizontal Circle. Vertical Circle. 

Urns o t ft o / /I 

12 43 21 0 46 40 49 47 50 

12 48 57 6 32 10 . 49 27 20 

li m s 

Time by Chronometer (Mean of the two Observations) ........ 12 51 4 

Mean Noon (2nd Approximation) 5 44 9 

Mean Local Time , 7 6 55 

Long. E. Green, in Time 6 6 42 

Mean Green. Time of the Observation 1 013 

Acceleration of Fixed Stars + 10 

Mean Time reduced to Sidereal Time 1 0 23 

Long. E. Green, in Time 6 6 42 

Sidereal Time at Mean Noon at Green., Nov. 4 14 52 40 

^Sidereal Time at Cherra Punji . 21 59 45 

Ji. A . of Jupiter 21 43 39 

Hour Angle in Time 0 16 6 

Hour Angle in Arc 4° 1*5 

Latitude N. by Jupiter 25° 18' 25" 

Mean of Latitude . 

a) Latitude N. by Sun 25 12 30 

b) . Latitude N. by Circumpolar Star 25 11 50 

c) Latitude N. by Jupiter 25 18 25 

Mean = Latitude N 251415 

(Latitude N.: Thuill. App. = 25° 16' 35"). 
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Longitude. 

We adopt as longitude from ThuiU. App. = 91° 40' 30" East G-reen. 

Meridian. 

Meridian, deduced from the Observations of the Sun, 1855, November 4 . . . . 357° 55' -6. 


GROUP II. 

DELTA OE THE GANGES AND BRAHMAPUTRA. 

STATIONS 6 to 9. 

Surajganj. — Dhaka. — Kulna. — Calcutta. 


No. 6. SurajgJLnj, in Eastern Bengal. 

This is a station north of Dhaka, on the right bank of the Konai, with several 
large factories. Here observations of the dip only were made. (Observer: Hermann.) 

The latitude and longitude are taken from Tassin’s Map of Central Bengal, 
Calcutta, 1841. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

24° 22' 50" 89° 43' 20" L. a. L. S. 1 (20 feet). 

Surajg&nj lies in the Ganges-Brahmaputra Delta; the height mentioned above 
refers only to the height of the instruments above the level of the Konai. # 


No. 7. DhIka, in Eastern BengXl. 

This is a large station, situated on the Bara Ganga, one of the ramifications in 
the upper part of the Ganges Delta. It is 150 miles north-east of Calcutta. 

I (Hermann) put up the dip circle at a short distance from the principal ghat 
or landing place. When I first passed Dhaka, in going up to Assam, I was seriously 
ill and confined to my boat; and when returning, my stay was so limited, that I could 

1 L. a. L, S. = Little above the level of the sea. 
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only make a few magnetic observations. The latitude and longitude of this place 
were furnished me by the kindness of -Mr. Brennand. 

Latitude obtained from three series (A, B, 0) of observations of Polaris by 
Mr. Brennand, 1855: 

Latitude N. 

A, 23 42 26-9 

B, 46-3 

C, 57 -24 
Mean Lat. N. 23 42 43*5 

Longitude East Green., determined by the officers of the Great Trigonometrical 
Survey, and communicated to Mr. Brennand, 1855: 

90° 20' 15". 

(Thuill. App. gives latitude N.:. 23° 43' 10".) 

Height: A few feet above the level of the sea. 

Meridian. 

Deduced from corresponding low Altitudes of the Sun .... 161° 25'-2. 


No. 8. KtrLNA, in Eastern Bengal. 

This small town, in the district of Jassor, is situated on the right bank of the 
Bhairab, one of the numerous ramifications in the Ganges Delta, and is about 75 miles 
east of Calcutta. The river steamers between Calcutta and Dhaka pass by regularly. 
The instruments were placed close to the river, 10 feet above the water. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

22° 45' 55" 89° 36' 55" L. a. L. S. 

(25 feet above the level of the Bhairab.) 

Observations: 1856, February 24. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


1856, 

February 24. 

Latitude. 

Horizontal Circle. 

Vertical Circle. 


h m s 

' A. M. 

Sun, Lower Limb. 

O 1 II 

o / // 

1) 

5 11 6 

357 57 15 

54 20 0 

2) 

5 47 3 

13 24 20 

56 49 35 

3) 

6 3 14 

20 25 10 

57 12 50 


l. 


19 
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■ ( 758'0 millim. 

Barom. } , 

( 29 • 843 laches. 


Temp, of Air 


26-6 0. 
79-9 Fahr. 


Calculated by Method I., from observations 1 and 3. 


/ 

Refraction — O' 6 

Parallax + 0 • 1 

Semidiameter . . . + 16 *2 

Sum of Corr +15*7 


0 / 

1) h corr. = 54 35*7 g _ §/ _ 

3) ft' corr. = 57 28*5 ° ~ 

Latitude N . 22° 45'- 9. 


Time. 

4 It 1U S , 

Apparent Noon, deduced from the Altitude of the Sun, from observation 1 6 8 33 


Equation of Time 13 36 

Mean Noon 5 54 57 

Control for Latitude and Time. 

O / 

Calculated Apparent Altitude at 5 h 47“ 3 s = 56 49 -0 

Observation 56 49 ■ 6 

Calc.— Obs 3 0M5 


Longitude. 

li m s 

Mean Noon by Chron. 3, at Calcutta, 1856, March 26 6 0 7 . 

Mean Noon by Chron. 3, at Mina, 5 h 54“ 57 s 
Rate = IX. = Losing O 3, 17 

Mean Noon Mina, corrected for rate 5 55 2 

Meridional Difference in Time 0 5 5 

« » in Arc 1° 16' 20" 

Longitude of Calcutta, E. Green 88 20 34 

Longitude of Mina, E. Green 89 . 36 54 


For this place we have no other determination of latitude and longitude for 
comparison with ours. 

Meridian. 

Deduced from a bearing to the Sun with the prismatic compass, in the early morning 22° 52 /- 6. 
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No. 9. Calcutta, in Bengal. 

The observations were made in the Botanical Carden, south-west of the town. 
Mr. Crote, C. S., and Dr. Thomson, who at that -time had charge of this well known 
scientific institution, most kindly allowed me (Hermann) to make use of it for the 
observations. The Calcutta Observatory, under the direction of Colonel Waugh, Sur- 
veyor General, and Major Thuillier, Deputy Surveyor, which we so often have occasion 
to mention, on account of corresponding observations and other scientific materials 
supplied, is at No. 35, Park-street. 

The following are the Observatory’s 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

22° 33' 1" 88° 20' 34" 18 feet. 

(My instruments stood 12 feet above the Hugli at mean- h eigh t,.) 

One series was made in March, 1856; the second in April, 1857.' At Cal- 
cutta, I was kindly assisted by Baron George Liebig, M.D., then Assay Master of 
the Mint. 

A. Observations: 1856, March 28. 

Instruments: Theodolite 3, Troughton; Qhron. 3; Barom. 1, Greiner. Observer: Hermann. 


1856,- March 23. 

Latitude and Time. 
Sun, Lower Limb. 
Horizontal Circle. 

Vertical Circle. 

i) 

h m a 

A.M. 

0 / // 

o / // 

6 2 52 

343 20 25 

68 18 10 

2) 

6 6 35 

346 9 10 

68 20 25 


h m a 

P.M. 

0 / // 

o / n 

3) 

6 11 10 

349 11 20 

68 19 5 

4) 

6 18 39 

354 7 15 

68 10 55 



19* 


True Altitude of Sun’s Centre at Apparent Noon 

Latitude North . . 

Mean Noon (corrected for Equation of Time) . . 
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Control 

o / 

Calculated Apparent Altitude at 6 h 18™ 39 s . . 68 11-1 

Observation . ... : 68 11-0 

Calc.— Obs . + 0-1 


• Meridian. 

The considerable Altitude of the Sun being unfavourable for the calculation, of the 
Meridian (though very good for Latitude), the Meridian was determined directly 
by observing the passage of tj Argus and Alpfiard, and was found to be ... . 346° 47' -6. 


B. Observations : 1857, April 13. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


Meridian. 


Sun, Upper Limb. 

1857, April 13. Horizontal Circle. Vertical Circle. 
3* 13“ l a 292° 41' 10" 24° 25' 50" 


_ (760-0 millim. 

Barom. 1 , 

29-922 inches. 


Temp, of Air 


33-1 0. 
91-6 Fahr. 


O / 

Hour Angle of Sun in Arc 67-30-5 

Meridian. .. , 207 12-1 


GROUP HI. 

VALLEY OF THE GANGES AND ITS TRIBUTARIES. 

STATIONS 10 to 18. 

Ratapur Bolea. — Kissenganj (Bariadangi).— Patna. — Sigauli. — Benares. — Lakhnau. — Aligarh. — Agra. — 

Mirath. 

No. 10. Rampur B6lea, in Eastern Bengal. 

This is a small town on the left side of the Ganges, situated on its great eastern 
branch P6lda. My observations were made in the civil station, near Mr. Herschel’s 
house, at a abort distance from the river. 

lieutenant Adams being taken very ill at . this place, my (Hermann’s) observations 
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were limited to the determination of magnetic intensity. Mr. Herschel gave me his 
friendly assistance in putting up the ins tr um ents. 

Geographical Co-ordinates. . 

Latitude North. Longitude East Green. Height. 

24° 21' 46" 88° 34' 20" 54 feet. 

Latitude and longitude are taken from Thuill. App. 


No. 11. KissengAnj, oh, Bariadangi, in Western Bengal. 

This town is situated in the district of P&rnea, close to the Mahan& ddi 
I here made a stay of two days, before beginning the boat voyage to the foot 
of the Kh&ssia Hills. The cloudy state of the sky, the rains during this season being 
still very heavy, allowed only of evening observations for determining the meridian 
required for the magnetic declination. (Observer: Hermann, 1855, August 18.) 

The latitude and longitude is taken from the Revenue Map of Messrs; Fitzpatrick 
and Pemberton. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 6' 0" 87° 56' 8"^ 140 feet. 

Determination of the Meridian. 

Deduced from the Transit of Antares in the Scorpion, in the early evening hours 258° 10'- 4. 


No. 12. Patna, in Western Bengal. 

This important place, situate on the right bank of the Ganges, is 377 miles by 
land N. W. of Calcutta. Besides being a large native city with numerous suburbs, 
it contains extensive cantonments, and is remarkable for its antiquity and for the 
history connected with it. 

I had my instruments put up in the garden of Mr. Woodcock, then collector of 
the district. — The dip was made in the shade of fine mango trees. 

# ■ 

. Geographical Co-ordimtes.. 

Latitude North. Longitude East Green. Height.” 

25° 37' 12" 85° 7' 32" 170 feet. 
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Observations : 1857, February . 6. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer : Hermann. 

Latitude and Time. 


Sun, Lower Limb. 

1867, February 6. Horizontal Circle. Vertical' Circle. 

A. M. 


h m a 

1) 7 64 49 

2) 8 1 46 


li m a 

3) 8 15 10 

4) 8 23 40 


0 / it 

214 39 45 
217 34 0 

P.M. 

0 / // 
222 25 27 

229 8 58 


Barom. 


751-2 millim. 
29-575 inches- 


Temp, of Air 


O / // 

48 21 35 
48 27 5 

O / // 

48 27 40 
48 41 13 

( 30-2 C. 

| 86-4 Fahr. 


Calculated by Method HI., from observations 1, 2, 3. 


Apparent Noon deduced from 1 and 2 .... 8 h 9 m 5“ 

Apparent Noon deduced from 2 and 3 8 h 9 m 5 s 

True Altitude of the Sun at the Culmination ' 48° 44' • 9 

Sun’s Declination 15° 36' -0 

Elevation of the Equator 64° 20' -9 

Latitude North ' 25° 39'- 1 


For the G-ola (Round House) at Patna, not very far from the place of observation, 


the G\ T. S. gives: 

Latitude North 25 37 12 ■ 

Longitude East Green 85 7 32 


Our own observations, being very near the meridian, are not well situated for a 
chronometric determination of longitude. 

Meridian. 

Calculated from corresponding Altitudes of the Sun . . 221° 51' -1. 


No. 13. SigXuli, in Western BengAl. 

This important military frontier station of Bengal, towards Nepal, is 24 miles 
distant from the southern border of the Tarai, an unhealthy tract of country at the 
base of the Himalaya. 
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My time being fully occupied with preparations for the journey to Nep&l, I 
(Hermann) could only determine the magnetic dip. My instrument was put up in 
the compound of my friend Major Holmes, who, to my great regret, was murdered 
a few months later by the troop of irregular cavalry under his co mman d 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 46' 41" 84° 44' 26" 260-feet. 

Latitude and longitude are taken from the G. T. S. 


Ho. 14. BenIees, in HindostIn (N.W.Prov.). 

'Benares, very beautifully situated on the left bank of the Ganges, is celebrated 
all over the world as one of the most sacred places for Hin du worship. It contains 
a remarkable number of religious monuments and institutions, and, amongst its 
population, proportionally more Brahmans, P&ndits and F akir s, than any other town 
of India. 

It is also distinguished for possessing a native observatory, built in the middle 
of the 17th century by Baja Jai Singh of J aian&gger. minis ter to Mohammad Shah, 
Emperor of Dehli, who reigned from 1719 to 1748. It is now in a state of decay. 1 
Similar observatories, also constructed by Raja Jai Singh, were formerly in existence 
at Dehli, at Mathra on the Jifrnna, and at Ujen (Oojein) in Malva. The following are 
the observatory’s 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

25° 18' 26" 82° 59' 47" 325 feet. 

Latitude and longitude from G. T. S. 

My (Hermann’s) magnetic instruments were put up on a spot not very far from 
the English church at Benares. On this day (1856, April 4), a heavy dust-storm 
unfortunately made if quite impossible to take proper observations of the sun from 
an unsheltered place. 

1 The instruments of this observatory have been described by Hunter in the Asiatic Society’s Researches, by 
Sir R. Barker in Pliil. Trans. Yol. 67, 1777, p. 608, and by J. S. Williams in Phil. Trans. Yol. 83, 1793, p. 43. In 
Hooker’s Him&layan Journals (London, 1854), pp. 74 to 77, the principal instruments are very well represented in 
woodcuts. 
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Meridian. 

When the dust-storm had somewhat subsided, the passage of Spica (a Virginia) 
Was observed late in the night. 

Meridian 101° l'-9. 


No. 15. LIkhnIu, in Audh. 

This town, the capital of Audh, with a very large native population, estimated, 
before its annexation, at 300,000, is situated on the right side of the river Ghimti. 

Its geographical position, given below, has been minutely determined by Major 
Wilcox, who had charge, under the preceding native dynasty, of an astronomical 
observatory. 

My instruments were placed one mile S. S.E. of the Observatory. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. 

26° 51' 10" 80° 55' 32" 

Observations: 1856, April 9. 

Instruments: Theodolite B, Troughton; .Chron. 3; Barom. 1, Greiner. Observer: Hermann. 




Latitude and Time. 





Sun, Lower Limb. 



1856, April 9. 

Horizontal Circle. 

Vertical Circle. 



A.M. 



1) 

h m s 

4 52 56-0 

266 32 20 


O ! U 

59 27 40 

2) 

4 59 28-4 

268 43 20 


60 39 45 



P.M. 



3) 

h m s 

8 58 17-0 

o / // 

29 34 40 


O / // 

50 1 0 


Barom. j 

742-2 millim. m „ ' ( 

_ n •. , lemp. of Air | 

29-221 inches. ( 

32-2 C. 

90-0 Fahr. 


Calculated by Method I., from Observations 1 

and 3. 



1. 2 (Control). 3. 


Refraction 

/ // 

— 0 32 — 

i n 

0 30 

t n 

— 0 44 


Parallax . 

- + 0 5 + 

0 5 

+ 05 


Semidiameter +16 0 +16 0 

+ 16 0 


Sum of Corr. . . . + 15 33 + 

15 35 

+ 15 21 


, Height. 
520 feet. 



153 


6E0 UP III. VALLEY OP THE GANGES AND ITS TEIBITTAEEES. 


0 / // 0 / // 

1) h corr. = 59 43 13 8 = 7 38 55 

3) 11 corr. = 50 16 21 8 ' = 7 42 41 

Latitude North 26° 54'-8 

Time: Mean Noon (corr. for Equation of Time) 6 h 29 m 54 s 

Control. 

O / 

Calculated Apparent Altitude 60 38-3 

Observation 60 39-7 

Calc.— Ohs . . 1 T 4 

Meridian. 

Deduced from the Observations of the Sun 321° 29'-4. 


No. 1 6 . AligIeh, in Hindostan (N. W. Peov.). 

A town of considerable importance, and a civil station, 84 miles south-east of Dekli. 
Mr. Charles Gubbins had the kindness to communicate to me (Hermann) his 
observations of latitude and longitude, as well as the position of his meridian marks, 
all based upon a series of most careful and often repeated operations. The meridian 
marks consisted of delicate lines traced upon glass, and were fixed in solid walls. 

The Gr. T. S. gives for the Fort: Lat. N 27 55 41 

. » „ Long. E. Green. 78 2 48 

The latitude and longitude, given below, referring to the place of observation 
itself, are those determined by Mr. G-ubbins. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

27° 53' 50" 78° 3' 55" 760 feet. 


No. 17. Age a, in Hindostan (N.W. Peov.). 

Latitude and longitude, as determined by the G. T. S., are referred to the Taj 
Mahal Dome. The observations of equal altitudes for determining meridian and decli- 
nation were made near the house of General Boileau, who had kindly invited me to 

stay with him. Observer: Hermann. 1856, April 15. 

The declination was ascertained here by comparison with the meridian deduced 
from low corresponding altitudes of the sun, 1856, April 15: 

Meridian thus found 100° 2'- 9. 


1 


20 
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Geographical Co-ordinates. 

Referred to the Taj, G. T. S. 

Latitude North, Longitude East Green. Height. 

27° 10' 26" 78° 1' 39" 657‘feet. 


No. 18. MIrIth, in HindostIn (N.W. Prov.). 

A large town, and very important military station, 25 miles west of -the Granges, 
and 80 miles east of the J&mna. It is one of the finest stations in Upper India. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

29° 0' 41" 77° 41' 48" 865 feet. 

Latitude and longitude from G. T. S. 

Though staying but a short time during the hottest hours of the day, I (Hermann) 
determined the magnetic declination, making use of Mr. dubbins’ previous meridional 
marks. 


GROUP IV. 

PANJAB, SINDH, AND KACH. 

STATIONS 19 to 30 . 

Ambala. — Lalior. — Raulpindi.— Peshaur Shahpur.— Dera Ismael Khan.— Multan. — Shikarpur. 

Sevan. — Karrachi. — Bhvij . — Rajkot. 


No. 19. AlMbIla, in Sarhind (Pan jab). 

This large station, in the Cis-S&tlej division, contains extensive barracks and can- 
tonments. It is situated 40 miles distant from the southern foot of the Himalaya, in 
a highly cultivated, level plain. 

, Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

30° 21' 25" 76° 48' 49" 1,026 feet. 
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♦ 

Observations: 1857, January 15. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 


1857, 

January 15. 

Latitude and Time. 
Sun, Upper Limb. 
Horizontal Circle. 

Vertical Circle. 

1) 

h m s 

A.M. 

0 / 11 

0 / u 

7 28 35 

146 6 30 

36 17 15 

2) 

ll TO S 

10 7 35 

P.M. 

0 / // 

31 43 20 

0 1 n 

34 39 27 

3) 

10 13 2 

33 6 40 

34 8 5 

« ( 740*9 millim. 

1 29.170 mota. T »”f' “ f 

Air 1 “' 0 

i 93-2 Fahr. 


Calculated by Method I., from the Observations 1 and 3. 


1. 3. 2. (Control). 

Refraction — l 13 _ 1 is — 1 21 

Parallax -f 7 -f- 6 + 6 

Semidiameter — 16 17 — 16 17 — 16 17 

Sum of Corr. . . . — 17 23 — 17 29 — 17 32 

0 / 7 / 0 / // 

h corr. = 35 59 52 8 .= — 21 7 51 

h' corr. = 33 50 37 8' = — 21 6 39 

Latitude North 30° 12'- 7 


Time: Mean Noon (corrected for Equation of Time) ... 8 h 28 m 25 s 

Control. 

O / 

Calculated Altitude corresponding to obs. 2 . . . 34 38-9 


Observed Altitude 34 39-5 

Calc— Ohs — 0-6 


Latitude and longitude given above are G. T. S. values. 
Meridian. 

Deduced from the Observations of the Sun ... 6° 4' -3. 
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No. 20. Lah6b, in the PInjab. 

This famous city was formerly the principal seat of the Sikh Empire, and even 
now is the capital of the Panjab. It is situated in the Bari Duab, about one mile 
east of the Ravi, the smallest of the Punjab rivers, 


20 * 
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The European quarter, a little south of the native town, is called Anarkalli; it 
was here' that the instruments were put up. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 34' 5" 74° 14' 37" 790 feet. 

Observations: 1857, January 9. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Pistor. Observer: Hermann. 

Latitude. 

1857, January 9. Horizontal Circle. Vertical Circle. 

Saturn. 

(The ring being distinctly divided into two equal parts by the central wire.) 

4 h 20 m 14“ 265° 54' 10" 39° 50' 55" 

Polaris. 

4 h 43 m 43 s 32° 52' 45" 

1 746-4 millim. 

Barom. r _ _ . , Temp. 

( 29-386 inches. 1 

The corresponding mean local time was deduced from the observations of Saturn, 
an approximate latitude being introduced. By the second approximation we obtain 
from Polaris: 

Latitude North 31° 42' 30". 

Time. 

h m 

Sidereal Time at 4 h 20™ 1 4 s , Chron. 3, by first Approximation ... 2 59-4 

„ „ by second Approximation . . 2 59 • 3 

Meridian. 

Deduced from the Observations of Saturn ... 0° 6' • 0. 

No. 21. RaultIndi, in the PAnjab. 

A large military station, situated in the northern part of the Sindh Sager Duab, 
about half way distant from the Indus and the . Jhllum. 

We staid here a little longer than usual, in order to make a general comparison 
of our chronometers and magnetic instruments. 

The instruments were put up at a considerable distance from the native town, in 
the cantonment. 


of Air 


16-0 C. 
60-8 Fahr. 
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Geographical Co -ordinates. 

Latitude North. Longitude East Green. Height. 

33° 36' 30" 72° 59' 49" 1,674 feet. 

Observations: 1856, December 2 and 3. 

Instruments: Theodolite 2, Jones ; Chron. 3 ; Barom. 6, Adie. Observer: Robert. 


Latitude and Time. 


1856, 

December 3. 

li qi s 

Horizontal Circle. 

A. M. 

Sun, Upper Limb. 

O / 1/ 

Vertical Circle. 

O / II 

1) 

4 27 58 

h m s 

177 35 20 ’ 

Sun, Lower Limb. 

O / // 

26 41 45 

0 1 II 

2) 

4 36 18 

179 31 15 

27 4 20 

3) 

4 38 45 

• 180 4 45 

27 20 20 

4) 

4 42 15 

18055 5 

27 42 0 

5) 

4 45 33 

181 41 40 

28 3 5 

6) 

4 48 35 

182 24 0 

P.M. 

Sun, Upper Limb. 

28 21 15 

7) 

li m a 

O / // 

O / II 

8 21 10 

238 45 25 

29 13 15 

8) 

8 25 24 

239 45 45 

28 47 15 

9) 

8 27 45 

240 19 45 

28 33 45 

10) 

8 37 51 

242 39 40 

27 29 40 

11) 

8 43 16 

243 54 35 

26 53 45 

12) 8 48 39 245 6 50 

,, ( 719-0 millim. 

Barom. j . Temp, of Air 

( 28-308 inches. 1 

26 16 15 

( 17° 8 C. 

| 64-0 Fahr. 


Calculated by Method II. 


As the first data of observations, the mean of 2, 3, 4, 5, and 6 was taken; the 
corresponding altitude, after the culmination, is interpolated from observations 10 
and 11. 

Latitude North 33° 37'- 2 

Time: Mean Noon, taking into the calculation the variation of the Sun’s 
Declination during the period of the observations 


6 n 46«i 25 s 
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Second 


Comparison of the Different Single Observations 



' Group I. 


1 . 

2 . 

3. 

4. 

5. 

6 . 

Time by Chronometer . 
Mean Noon jfromlst 

4 h 27 m 58 B 

6 h 46 m 25* 

4 h 36 m 18 s 

6 h 46 m 25 a 

4 U 38 m 45 a 

6 h 46 m 25 9 

4 h 42 m 15 8 

6 h 46"‘25“ 

4 h 45 m 33 s 

C'46 m 25» 

4 h 48“35 B 

6 h 46 m 25 a 

MeanLocal Time 1 Approx. 
Equation of Time .... 

— 2 ll 18 m 27 a 
+ 9 m 56 a 

— 2 ll 10 m 7 s 
+ 9 m 56 8 

2 h 7 m 40 s 
+ 9 m 56 s 

— 2 h 4 m 10 " 
+ 9™ 56 s 

— 2' 1 0 m 52 9 
+ 9 m 56 9 

— +57” 50" 
+ 9 m 56" 

Hour Angle in Time . . 
Hour Angle in Arc = t . 

— 2 h 8 m 31 B 

— 32° 7'-8 

— 2 h O m ll s 

-30° 2 '- 8 

— + 57 m 44“ 

— 29°26'-0 

— I 1 * 54 m 14“ 

— 28° 33' -5 

— l u 50 m 56" 

— 27°44'-0 

— l h 47 m 54" 

— 26° 58' -5 

S (Sun’s Declination) . . 

— 22° 9' -4 

-22° 9' -4 

-22° 9' -4 

— 22° 9'- 4 

— 22° 9' -4 

— 22° 9'- 4 

Rin m sin & 

• 

-0-20881 
+ 0-65311 

— 0*20881 

— 0*20881 

— 0*20881 

— 0*20881 

-0-20881 
+ 0-68732 

cos 9 cos 8 cos t .... 

+ 0-66757 

+ 0-67152 

+ 0-67739 

+ 0-68262 

Sum ~ sin h 

0-44430 

0-45876 

0-46271 

0-46858 

0-47381 

0-47851 

h (True Altitude of the 
Sun’s Centre) . . . . 
Refraction 

26°22'-7 
+ l'-9 

— 0 '-l 

27°18'-4 
+ l '-8 

— 0 '-l 

27° 33 ' -8 
+ l'-7 

— O'-l 

27° 56' -5 
+ 1' - 7 

— O'-l 

28°17'-0 
+ l'-7 

— O'-l 

28° 35' -3 
+ l .'-6 

— O'-l 

Parallax 


Apparent calcul. Altitude 
of the Sun’s Centre 
± Sun’s Semidiameter 

26° 24' -5 
+ 16' - 3 

27° 20'- 1 

- 16' -3 

27° 35' -4 

— 16' -3 

27° 58'- 1 

— 16' -3 

28° 18' -6 

— 16' -3 

28° 36'- 8 
- 16'- 3 

Calculated Observation 
Direct Observation . . 

■ 26°40'-8 

27°41'-7 

27° 3 ' -8 

27° 4' -3 

27°19'-1 

27° 20' -3 

27° 41'-8 

27°42'-0 

28° 2 ' -3 

28° 3'- 1 

28° 20' -5 
28° 21 '- 3; 

Calc. — Obs 

O'- 9 

i. 


I'.O 

— O'- 2 

— 0'-8 

— O '- 8 

1 


■ X & 


V 

Group A. 
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Approximation. 


with the Elements deduced from the First Approximation. 


Group 11. 


7. 

8 . 

9. 

10 . 

11 . 

1% 


S u 21 m 10 s 

6 k 46 m 25 8 

8 h 25 m 24 8 

6 h 46“25 8 

8 h 27 m 45 8 

6 h 46 m 25 s 

8 h 37 m 51 8 

6 ll 46 ln 25 s 

8 h 43 m 16 8 

6 h 46 m 25 s 

8 ll 48" l 39 8 

6*>46 m 25 9 

Time by Chronometer. 
Mean Noon I from 1 st 

+ l ll 34 m 45“ 
+ 9 m 55 s 

+ l n 38 m 59 s 
+ 9 m 55 8 

+ l 1 41“ 20 * 
+ 9 m 54 s 

+ l h 51 m 26 8 
+ 9 m 54 s 

+ l h 56 m 51 s 
+ 9 m 54 8 

+ 2 h 2 m 14 8 
+ 9 m 54 8 

MeanLocalTime) Approx. 
Equation of Time. 

+ l h 44 m 40 8 
+ 26°10'-0 

+ l h 48 m 54 8 
+ 27° 13'- 5 

+ l h 51 m 14" 
+ 27°48'-5 

+ 2 h 1 “ 20 8 
+30°20'-0 

+ 2 h 6 m 45 8 
+ 31° 41' -3 

+ 2 h 12 m 8 s 
+ 33° 2'-0 

Hour Angle in Time. 

Hour Angle in Arc = t. 

— 22° 9' -5 

— 22° 9'- .5 

— 22° 9'- 5 

— 22 ° 9'- 5 

— 22° 9' -.5 

—22° 9'- 5 

5 = Sun’s Declination. 

-0-20882 
+ 0-69217 

-0-20882 
+ 0 • 08577 

-0-20882 
+ 0-68215 

-0-20882 
+ 0-66563 

-0-20882 
+ 0-65623 

-0-20882 
+ 0-64654 

sin cp sin 5. 
cos 9 cos 8 cos t. 

0-48335 

0-47695 

0-47333 

0-45681 

0-44741 

0-43772 

Sum = sin h. 

28° 54' -2 
+ I'.fi 

— O '- 1 

28°29'-2 
-|- I'- 7 

— O'-l 

28° 1 5'- 1 
+ 1'- 7 

— O'-l 

27° 10' -9 
+ l'-S 

— O'-l 

26° 34' -7 
+ l '-8 

— O'-l 

25° 57' -6 
+ l'-9 

— O'-l 

h (True Altitude of the 
Sun’s Centre), 
Refraction. 

Parallax. 

28° 55'- 7 
+ 16'- 8 

28° 30' -8 
+ 16'- 3 

28° 10' -7 
+ 16'- 3 

27° 12 '- 6 
+ 16' -3 

26° 36' -4 
+ 16'- 3 

25°59'-4 
+ 16'-3 

Apparent calcul. Altitude 
of the Sun’s Centre. 

± Sun’s Semidiameter. 

29°12'-0 

29°13'-2 

28° 47'- 1 

28° 47'- 3 

28° 33' • 0 
28° 33' -7 

27° 28' -9 

27° 29' -7 

26° 52' -7 

26° 53' -7 

26°15'-7 

26°16'-2 

Calculated Observation, 
Direct Observation. , 

— 1 '• 2 

4 

— O'- 2 

— O' - 7 

— O '- 8 

— l '-0 

— O'- 5 

i 

Calc.— Ohs. 



y 

Group B. 

w 
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ASTRONOMICAL DETERMINATIONS OP LATITUDES AND LONGITUDES. 


The preceding table shows very small errors: this, consequently, allows of as 
accurate a result being obtained (and in a shorter way), as by the application of the 
method of least squares. The mean of errors is: 


for Group A — 0-7 

for Group B . . — 0-7 

and the sum of the squares of errors 8'- 10. 


Since the mean error is equally great, and has the same sign before and after 
the culmination, the meridian remains unaltered; besides, the observations being 
near the meridian, the differential of latitude is equal to the differential of altitude. 

Therefore a decrease of latitude for O'* 7 appears to give the best result: 

Latitude North 33° 36' 30". 

With this corrected latitude (33° 36' 30"), and the noon, as obtained above, the 
remaining differences between calculated and direct observation are: 


No. of Obserw 

Calc.— Obs. 

No. of Observ. 

Calc. — Oba. 

1 

— o • 2 

7 

/ 

— o*n 

% 

4 0-2 

8 

+■ 0*5 

3 

— 0*5 

5) 

— 0-0 

4 

4 0*5 

10 

— 0.1 

5 

— 0*1 

11 

— 0.3 

6 

— 0*1 

12 

-f 0-2 


The sum of the squares of errors is now diminished from 8'* 10 to l'-ll. 
Thuill. App. gives latitude 38° 34' 40" N. 


Longitude. 

A. By Lunar Distances. 
1856, December 2. Horizontal Circle. 

Jupiter. 

I 1 ’ 44"' 17“ 204° 10' 30" 

Moon, Lower Limb. 


li lu h 

1 2!) 4 

1 51 30 


Barom. 


o / n 

250 49 40 


255 9 25. 


721 -4 rail lira. 
28-402 inches. 


Vertical Circle. 


54° 39' 45" 


O / U 

20 57 25 
17 57 15 


Temp, of Air 


13-2 C. 
55-8 Falir. 


The two observations of the moon have been used in order to interpolate her 
apparent co-ordinates for the time when Jupiter was observed. We obtain for the moon 
at l h 44'" 17“ 253° 44' -7 18° 56' -1. 
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Reduction to geocentric and true Altitudes. 


(Compare the more detailed calculations pp. 112 and 113.) 

Moon Jupiter. 


/ / 

Refraction *— 2-6 — 0-6 

Parallax . . . . + 53*9 0*0 

Semidiameter +15*6 ... 

Sum of Corr. . . +66*9 — 0-6 


Arc of the Almucantarat . 49° 34' *2 

Therefore : 

True geocentric Distance between the Moon and Jupiter 50° 47'* 7 

h m a 

Corresponding Green. Time 2 8 48 

Corresponding Mean Local Time 6 57 52 

Longitude in Time 4 49 4 


By calculating the Altitudes of the Moon, -we obtain the Longitude in Time Bast 
of Green. 4 h 48 m - 3. 

B. By Chronometer 1. 


The short interval of time between the observations at Raulpindi and at Peshaur 
was very favourable for the determination of the difference of longitude by chron. 1, 
the rate of which (XV.) had been very accurately ascertained. Peshaur, at the same 
time, had the advantage of being a station fixed by the G. T. S. in direct connection 
with its minute operations of the measurement of arc in Sindh. 


Mean Noon at Raulpindi, by Chron. 1, from a comparison, December 3, with Chron. 3 

(see p. 100) 

The rate (XY.) of Chron. 1 has been found to be, from Marri, November 13, to Adolphe’s 
last Observations = Losing 3 s -5 

Mean Noon at Raulpindi for December 22, corrected for rate 

Mean Noon at Pesh&ur, December 22 

Meridional Difference in Time 


h m a 

7 18 58-8 


7 17 52 
7 23 44 
5“52 


„ „ in Arc 1 28 0 

Peshaur, East of Green 71 3? 19 

Raulpindi, East of Green 73 1 19 


This result of chronometric longitude, which we adopt, only differs from the 
approximate value (73° I" 55') given in Thuill. App. by 0' 36" in arc. 


Meridian. 

Deduced from Altitudes of the Sun . . 


211° 37' -0. 
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ASTRONOMICAL DETERMINATIONS OP LATITUDES AND LONGITUDES. 


No. 22. PeshXur, in the PInjAb. 

On account of its position, west of tlie Indus and near the frontier of Kabul, 
this is one of the most important military and political stations of north-western 
India, with very large cantonments. 

The instruments were set up near the lower end of the S&dder bazar (principal 
bazar), in a large open space before the mess house of the European Infantry barracks. 

Geographical Co-ordimtes. 

Latitude North. Longitude East Green. Height. 

34° 3' 10" 71° S3' 19" 1,250 feet. 


Observations: 1856, December 22. 

Instruments: Theodolite 8, Trmighton; Chron. 1; Barom. 11, Pistor. Observer: Adolphe. 

Latitude and Time. 

Sun, Upper Limb. 


1856, 

December 

22. Horizontal Circle. Vertical Circle 



A. M. 



1) 

h m h 

(i 49 22 

281 35 

U 

33 

O / It 

32 12 10 

2) 

7 4 22 

285 38 

10 

32 36 0 

3) 

7 12 8 

287 44 

20 

32 44 20 

4) 

7 21 44 

290 23 

0 

32 40 50 



P.M. 



5) 

h in h 

7 28 29 

o / 

292 12 

// 

20 

o / // 

32 40 45 

6) 

, 7 39 6 

295 3 

20 

32 40 15 

7) 

7 58 39 

300 20 

55 

32 11 20 

l 734-1 millim. 

barom. . , 1 

( 28-902 mclies. 

’em]), of Air j 

15 .6 C. 

00.] Falir. 


First Approxmuition. 

Oircum-meridional altitudes, calculated from 3, 4, and 5, by Method III. 


Apparent Altitude of Sun’s Upper Limb, when culminating 

Refraction 

Parallax 

Semidiameter 

Sum of Corr 

Calculated true Altitude 

Sun’s Declination 

Latitude N 

Time: Mean Noon (corr. for Equation of Time) 


O / // 

M2 4(1 51) 
— 1 20 
+ 0 7 

— 1G 18 

— 17 37 
32 29 22 
23 27 28 

34 3 10 

7 11 25 ni 47 s 



Second Approximation. 
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164 ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


The mean of errors 

from Group At (Observation 1 being excluded) = — l'-4 
from Group B = -j- 1'- 3 


These numbers being very nearly equal, but with opposite signs, it results, as can 
be directly seen, that 

d<p = 0, 

and dt can be deduced directly from the equation 

0 = -f 0-16 - 8-97 dt, 
the co-efficients being logarithmical. 

dt = 4 15'-0 AT = — 1“ 0 s 

therefore : 

Latitude N. . . = (p = 34° 3' 10", remaining unaltered; 

Apparent Noon* = T — 7 h 23 m 44 8 . 

The direct readings are obtained within a few tenths of the minute by introducing 
these elements. 

(The latitude of Peshaur as given by the G-. T. 8. is 

Latitude -North 34° 4' 44" 


referred to the fort.) 

Longitude. 

The G. T. S. gives Longitude East Green 71° 33' 10". 

Meridian. 

Deduced from Observations of the Sun 290° 56' -8. 


No. 23 . ShIhpur, in the Pan jab. 

This small town has been recently selected as a military and civil station. It 
is situated in the Jech Duab, about two miles distant from the left, banlc of the 
Jhllum. 

I had my theodolite placed near the commanding officer’s house. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

32° 14' 0" 72° 32' 30" 680 feet. 



GBOTJP XT. pXnjIb, SINDH, AND KiOH. 


Observations: 1856, December 28. 

Instruments: Theodolite 1, Jones; Ohron. 4; Barom. 8, Pistor. Observer: Robert. 


Latitude and Time. 


1856, December 28. Horizontal Circle. 


Vertical Circle. 


A.M. 

Sun, Lower Limb. 



h 

ttl 

8 

O / 

II 

O 

/ 

// 

1) 

4 

17 

51 

71 4 

33 

18 

21 

20 

2) 

4 

26 

47 

72 46 

47 

19 

46 

0 

3) 

4 

32 

8 

73 46 

30 

20 

30 

0 

4) 

4 

37 

33 

74 50 

33 

21 

15 

10 

5) 

4 

46 

35 

76 37 

50 

22 

29 

55 

6) 

4 

59 

33 

79 19 

50 

24 

13 

10 





P.M. 









Sun, Upper 

Limb. 





h 

in 

S 

a / 

// 

O 

/ 

It 

7) 

9 

54 

27 

153 39 

30 

24 

14 

25 

8) 

10 

2 

38 

135 19 

10 

23 

7 

10 

9) 

10 

18 

31 

158 26 

45 

20 

57 

10 

10) 

10 

23 

10 

159 20 

40 

20 

14 

55 

11) 

10 

29 

57 

160 35 

43 

19 

16 

40 

12) 

10 

37 

8 

161 56 

45 

18 

15 

15 


Barom. 


751-0 millim. 
29-567 inches. 


Temp, of Air 


11-8 C. 
53-2 Fahr. 


First Approximation. 

Calculated by Method I., from Observations 6 and 12. 


6 . 12 . 


/ n 

Refraction — 2 14 

Parallax + 0 8 

Semidiameter + 16 18 

Sum of Corr. . . + 14 12 


/ H 

— 2 59 
+ 08 

- 16 18 
— 19 9" 


6) h corr. = 24° 27-4 8 = — 23° 17-7 
12) h' corr. = 17 56-1 8' = — 23 17-0 


Latitude N 32° 18' -5 

Time: Mean Noon (corr. for Equation of Time) 7 h 23 m I s . 
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Second 

Comparison of the Single Observations 



Group I. 

A.M. 


l. 

2 . 

3. 

4. 

5. 

Time of Observation by 

Chron. 4 

Mean Noon j from 1st 

Mean Local Time $ Approx. 
Equation of Time 

4 1 * 17“ 51 s 

7 h 23 m 1 B 

4 h 26 m 47 s 
7 h 2S m I s 

4 h 32“ 8 B 

7 h 23“ I s 

4 h 37“ 33 s 
7 i! 23 m I s 

4 h 46“ 35 s 

7 1 * 23” l 8 

— 3 h 5“ 10 s 

— 1 “ 54 s 

— 2 h 56“ 14 s 

— 1 “ 54 s 

— 2 h 50“ 53 s 

— 1 “ 54 s 

— 2“ 45“ 28 s 

— 1 “ 54 s 

— 2 h 36“ 26" 

— 1 “ 54“ 

Hour Angle in Time .... 
Hour Angle in Arc = t . . 

8 = Sun's Declination . . . 

— 3 h 7 m 4 8 

— 46° 46' -0 

— 23° 17' -4 

— 2 h 58“ 8 s 

— 44° 32' -0 

— 23° 17'- 4 

— 2 11 52“ 47 s 

— 43° 1 1' • 7 

— 23° 17'-4 

— 2 1 * 47“ 22 s 

— 41° 50' -5 

— 23° 17' -4 

— 2 ’ 1 38“ 20 8 

— 39° 35'- 0 

— 23° 17'-4 

sin 9 sin S 

cos 9 cos $ cos t 

— 0-21133 
+ 0-58175 

— 0-21133 
+ 0-55339 

— 0-21133 

+ 0-56596 

— 0-21133 

+ 0-57835 ’ 

— 0-21133 
+ 0-59830 

* Stun = sin h . . . . 

0-32042 

0-34206 

0-35463 

0-36702 

0-38697 

h (True Altitude of the Sun’s 

Centre) 

Refraction 

18° 41'-3 
+ 2'-9 

— O '- 1 

20° O'- 2 
+ 2'-7 

— O'-l 

20° 46' -3 

4- 2 '- 5 

— O'-l 

21° 31' - 9 
+ 2'-4 

— O'-l 

22° 46'- 0 
+ 2 '- 3 

— O'-l 

Parallax 


Apparent calc. Altitude of 
Centre * 

18° 44'- 1 

20 ° 2' -8 

20° 48'. 7 

21° 34'- 2 

22° 48'- 2 

± Sun’s Semidiameter . . . 

— 16' -3 

— 16' -3 

— 16'- 3 

— 16'- 3 

— 16'- 3 

Calculated Observation . . . 

Direct Observation 

18° 27' -8 

18° 21 '- 3 

19° 46' -5 

19° 46' -0 

20° 32'- 4 

20° 30' -0 

'21° 1 7' ■ 9 

21° 15'- 2 

22° 31'- 9 

22° 29'- 9 


Calc. — Obs 

+ 6 '- 5 

o 

+ O'- 5 

+ 2' -4 

+ 2'- 7 

+ 2'- 0 
> 



1 


Group A. 
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Approximation. 

with the Elements obtained by the First Approximation. 


Group II. 

P.M. 


7. 

8 . , 

9. 

10 . 

11 . 


<)>“ 54” 27 8 

7 h 23 m I s 

10 n 2 m 38 s 

7 h 23 m I s 

10 h 18 m 31 s 
7 h 23” I s 

10 ]1 23 m 10 s 
jh 23 m i» 

10 h 29” 57 s 

7 h 23” . I s 

Time of Observation by 
Chron. 4. 

Mean Noon ) from 1st 

+ 2 h 31 m 26 s 
— 2 m () a 

+ 2 11 39 m 37 s 
— 2 ” 0 s 

+ 2 h 55“ 30“ 
2 m 0 s 

_F 311 o m 9 8 

— 2 “ 0 " 

4 - 3 h 6 ” 56 s 
— 2 ” 0 " 

Mean Local Time ) Approx. 
Equation of Time. 

-f 2 h 29” 26" 
+ 37° 21' -5 
— 23° 16' -7 

-f 2 l1 37 m 37" 
-|- 39° 24' -2 
— 23° 16' -7 

+ 2 h 53’“ 30 s 
-F 43° 22 ' -5 
— 23° 16'- 7 

4 - 2 h 58 m 9 s 
4-44° 32' -2 
— 23° 16' -7 

+ 3 h 4” 56 s 
4- 46° 14' -0 
— 23° 16' -7 

Hour Angle in Time. 

Hour Angle in Arc — t. 

8 = Sun’s Declination. 

— 0-21122 
+ 0-61710 

— 0-21122 

+ 0-59990 

— 0-21122 

+ 0 -564-32 

— 0-21122 

4- 0-55340 

— 0-21122 

4- 0-53703 

sin 9 sin 6 . 
cos 9 cos 8 cos t. 

()• 40588 

0-38868 

0-35310 

0-34218 

0-32581 

Sum =s sin k 

23° 56' -9 
+ 2' -2 

— O'-l 

22 ° 52' -3 

4- 2' -4 

— -O'-l 

20° 40' -7 
+ 2' -5 

- O'-l 

20° O'- 7 

4 - 2' -6 

— O'-l 

19° O'- 9 

4 - 2'-8 

— O'-l 

h (True Altitude of the Sun’s 
Centre). 

Refraction. 

Parallax. 

23° 59 ' -0 
+ 16' -3 

22° 54 ' -6 
-f 10'. 8 

20 ° 43'- 1 

4 - 16'- 3 

20° 3' -2 

4- 16'-3 

19° 3 '- 6 
-F 16'- 3 

Apparent calc. Altitude of 
Centre. 

± Sun’s Semidiameter. 

24° 15' -3 

24° 14' -4 

23° 10' -9 

23° 7' -2 

20° 59' -4 

20°. 57' -2 

20° 19'- 5 

20° 14' -9 

19° 19' • 9 
19° 16'- 7 

Calculated Observation. 

Direct Observation. 

+ O'- 9 

<w_ 

+ 3'. 7 

4 - 2'- 2 

+ 4 '. 6 

4 - 3 ' -2 

J 

Calc.— Obs. 

Group B . 
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The mean of the deviations (Calc. — Obs.) is: 

in Group A = + 2' -5 
in Group B = + 2' *4. 

We obtain the following differential equations for reducing the errors to their minimum: 

1) 0 = + 0-39 — 9-84 d < p + 9-72 dt 

2) 0 = + 0-42 — 9-84 d<p — 9-72 dt , 

the co-efficients being logarithmical. 

The solution of these equations gives: 

dy = — 4' -5 
dt = + O' • 0 ; 

therefore, 

Latitude N. = cp = 32° 14' -0 
Mean Noon = T = 7* 23 m l a . 

The following table shows the remaining errors after the new elements are introduced : 


No. of Observ. Calc.— Obs. 



1 

4- 4-0 



2 

— 2-0 



3 

— 0-1 



4 

-1- 0-2 



5 

— 0-5 



6 

— 2-5 



7 

— 1-5 



8 

+ 1-3 



9 • 

— 0-2 



10 

+ 2*2 



11 

+ 0-8 



12 

— 2-4 




Longitude. 



Mean Noon at SMhpur, by Chron. 

4, deduced from Observations of the Sun, 

h m 

S 

1856, December 28 ... . 


7 23 

1 

Mean Noon at Shahpur, corrected for rate since the last comparison at Eaul- 



plndi, December 17, Rate 

= XIV. = gaining 15 s 

7 20 

10 

Mean Noon at Raulpindi, December 17, by Chron. 4 

7 18 

21 


Meridional Difference in Time 1 49 

= 27' 15'' in Arc. 

O / // 

Kaulpindi East of Greenwich 72 59 49 

Shahpur West of Raulpindi 2715 

Shahpur East of Greenwich. . 72 32 34 

We have no other data of latitude and longitude exact enough for comparison. 
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Meridian. 

Deduced from the Apparent Noon, as obtained by the second Approximation 102° 18'- 0. 


No. 24. DinA IsmAel Khan, in the PXnjAb. 

This station is situated on the right (western) side of the Indus, but its position 
was changed after being entirely destroyed by the floods of this large river. Even 
now it is not quite secured against the dangerous effects produced by a sudden rise 
of the Indus. 

Dera Ismael Khan is an important commercial place on one of the great routes 
which lead from the Panjab to the northern parts of Sindh. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. 

31° 39' 35" 70° 56' 30" 

Observations: 1857, February 25.' 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 11, Pistor. Observer: Adolphe. 

Latitude and Time. 

a. Observations of the Sun. 

1857, February 25. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 





A.M. 


1) 

ii 

5 

m a 

10 48 

O 1 II 

2 32 20 

O / // 

36 29 25 

2) 

5 

17 19 

4 6 40 

37 28 30 

3) 

5 

25 16 

6 5 30 

38 39 40 




P.M. 


4) 

ii 

10 

m 8 

32 4 

o / n 

102 37 5 

O / It 

31 50 10 

5) 

10 

38 47 

104 1 0 

30 39 45 

6) 

10 

44 24 

105 9 20 

29 40 45 

Barom. j 

739-8 millim. 

29-127 inches. 

Temp, of Air 

i 23°-8 C. 

1 74-8 Fa 



I. : 

= Mean a.m. 




5 h 17“ 48 s 

37° 32' 32" 



Height. 
478 feet. 


II. = Mean p.m. 

10 b 38 m 25 s 30° 43' 33" 


I. 


22 
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Calculated by Method I. 

I. 

n. 

Refraction 

— 1*2 

/ 

— 1-5 

Parallax 

+ 0-1 

+ o-l 

Semidiameter . 

— 16-2 

— 16-2 

Sum of Corr 

— 17-3 

— 17-6 

O / 

I. h corr. = 37 15-3 

5 = — 

O / 

9 6-5 

II. h' corr. 30 25-9 

5' = — 

9 1-8 

Latitude N 

* * - r - t 

. . 31° 38'- 5 

Time: Mean Noon (coir, for Equation of Time) 7 h 23 m 10* 

A comparison of the single observations 

is not necessary, as the altitudes inter- 


polated from the single observations, corresponding to the times of Mean I. and II., 
are nearly identical with these means. 


6. Observations of Alnitah, in the girdle of Orion. 
A second determination of latitude was made as follows: 

1857, February 25. Alnitak. 


Altitude. 


h m s 

17 23 10 Chron. 1. 

= 10 0 0 Mean Local Time p.m. 


Vertical Circle 
Refraction . . . 
Corr. Altitude . 


37 46-0 
— 1-2 
— 37 44*8 


Barom. 


740*4 millim. 
29*150 inches. 


Temp, of Air 


15*1 C. 
59*2 Fahr. 


JR. A. and 8 taken from the British Association Catalogue and reduced to the 


time of observation: 

R.A. = 5 h 33 m 32 s 5 = — 2° l'-8. 

Latitude N 31° 40' -7. 

As definitive result we adopt the mean: 

Latitude N 31° 39' 35". 


Longitude. 

We have no very exact data of latitude for comparison, the maps here differing 
very considerably, but not so for longitude. The value given above is the mean of 
the best maps which our brother had the opportunity of examining and comparing. 
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He adopted: 

Longitude E. Green. 70° 56' 30". 

The resulting rate XV., giving very good chronometric longitudes for the other 
stations, is another proof of the adopted longitude being correct. 

Meridian. 

Deduced from Altitudes of the Sun 49° 24' • 0. 


No. 25. Multan, in the PanjAb. 

This ancient city, the Malitan, or place of Malis, known since the time of 
Alexander the Great’s expeditions in the Panjab, is situated in the JSch Duab, three 
miles east of the Chinab. The station is surrounded by gardens and groves of very 
beautiful trees, which form a striking contrast to the general barrenness and aridity 
of the adjacent country. 

The instruments were placed in the large open compound which is attached to 
the Government dak bangalo. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green 

30° 10' 10" 71° 34' 34" 

Observations: 1857, January 8. 

Instruments: Theodolite 1, Jones; Chron. 4; Barom. 8, Pistor. Observer: Robert. 

Latitude and Time. 

1857, January 8. Horizontal Circle 

A.M. 

Sun, Lower Limb 

O / // O f It 

1) 4 53 35 77 20 30 

2) 4 57 36 77 58 50 

(l.j 3) 5 1 0 78 38 33 



Height. 
480 feet. 


22* 
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P.M. 

Sun, Upper Limb. 


o / // O / // o / y/ 

li) 101131 1585850 26 022 

an 1 10 16 52 159 58 30 25 16 17 

^ 'Me) 10 22 30 161 8 30 24 32 27 

( 7) 10 25 48 161 46 53 24 5 27 


Barom. 


755*2 millim. 
29*733 inches. 


Temp, of Air 


First Approximation. 


19*8 C. 
67*6 Fahr. 


Calculated by Method I., from Observations 3 and the mean of 4, 5, 6, and 7. 


Refraction . 

Parallax 

Semidiameter . 

Sum of Corr. . . 

O / 

I. h corr.. = 25 36*1 

II. h 1 corr. = 24 40*3 


I. 

— 2*0 
+ 0*1 
+ 16*3 
+ 14*4 


II. 

— 2*0 
+ 0*1 

— 16*3 

— 18*2 


= — 22° 14'* 5 


Latitude N 30° 10' • 8 

Time: Mean Noon (corr. for Equation of Time) ... 7 h 29“ 44 s 


Second Approximation. 
Comparison of the single observations. 
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Group I. 

Group II. 


mM 

2 . 

4. 

5. 

6 . 

7. 

Time of Obs. by Chron.4. 
Mean Noon . . ) from 1 st 

4 h 53 m 35 B 

7*29“ 44 s 

4 h 57 m 36 s 

7*29“ 44 B 

10 h ll m 31 B 

7 * 29“ 44 s 

10*16“ 52“ 

7 h 29 m 44 B 

10* 22 m 30 s 

7* 29“ 44 s 

10*25“ 48 s 

7* 29“ 44“ 

Mean Local Time) Approx. 
Equation of Time .... 

— 2*36“ 9 B 

— 6 “ 58 s 

— 2*32“ 8 B 

— 6 m 58 B 

4 _ 2 h 41 m 47 B 
— 7 m 4 a 

-)-2*47“ 8 B 

ym 4 .B 

4- 2 h 52“ 46 s 

jm 4 _s 

— 2*56“ 4“ 

7 m 4 s 

Hour Angle in Time . . 
Hour Angle in Arc = t 

8 (Sun’s Declination) . . 

— 2*43“ 7 s 

— 40° 46' -8 

— 22° 15'- 5 

— 2 h 39 m 6 s 

— 39° 46' -5 

— 22° 15'- 5 

+ 2* 34“ 43“ 
4-38° 40' -8 
— 22° 13'- 7 

4-2*40” 4 B 
4-40° l'-O 
— 22 ° 13'- 7 

4-2*45“ 42“ 
4- 41° 25'- 5 
— 22° 13'- 7 

4-2*49“ 0“ 
4-42° 15'-0 
— 22° 13'- 7 

pill <p sin & 

— 0-19042 

— 0-19042 

— 0-19018 

— 0-19018 

— 0-19018 

-■ 0-19018 

cos cp cos 5 cos t 

4- 0-60580 

+ 0-61489 

4- 0-62470 

4 - 0-61286 

4 - 0-60001 

+ 0-59234 


Sum = sin h . . 

0-41538 

0-42447 

0-43452 

0-42268 

0-40983 

0-40216 

h (True Altitude of the 
Sun’s Centre) 

24° 32' -6 

25° 7'-0 

25° 45' -3 

25° O'- 2 

24° 11' -7 

23° 42' -8 

Refraction 

+ 2'-0 

— 0 '-l 

+ 2'-0 

— 0 '-l 

4- l'-9 

4- l'-9 

+ 2'-0 

4 - 2'-0 

Parallax 

— O '- 1 

— 0 '-l 

— O '- 1 

— O '- 1 

Apparent Calc. Altitude 
of Centre .... 

+ Sun’s Semidiameter . 

24° 34'- 5 

— 16' -3 

' 25° 8 '- 9 

i— 16' - 3 

25° 47'- 1 
14 - 16' -3 

25° 2'-0 
14 - 16'- 3 

i 24° 13' -6 
14 - 16'- 3 

1 23° 44' -7 

14 - 16' -3 

Calculated Observation . 
Direct Observation . . . 

24° 18' -S 
24° 17' -S 

! 24° 52'- 6 

! 25° 54' -4 

i 26° 3 '-4 
[ 26° 0 '-4 

: 25° 18'- 3 
. 25° 16'- 3 

i 24° 29' -9 
1 24° 32' -4 

1 24° l'-O 

24° o'- 4 

* 

Calc — Obs 

GBDE 


i 4- 3'-C 

1 4- 2'-C 

l— 2 '- 5 

1 — 4'- 4 


H 

■■■ 


j 





The mean of the deviations (Calc,— Obs.), including all observations is: 

in Group A. = — 0-3, 
in Group B. — — 0 • 5. 

We obtain the following differential equations for reducing the errors to their 
minimum: 

1) o = — 9-44 — 9-90 e?9 — 9-82 dt 

2) 0 '= — 9-67 — 9-84 d<p + 9-70 dt, 

the co-efficients being logarithmical. 
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• The solution of these equations gives: . 

ddj> = — 0'-6 

dt = + O' -3, dT = — l s -2 

Therefore, 

Latitude N. = 9 = 30° 10-2 
Mean Noon = I = 7 h 29“ 43 s 

The following table shows the remaining errors, after the new elements are 
introduced: 

No. of Observ. Calc. — Obs. 

1 + 1-3 

2 — 1-5 

3 + 0-3 

4 + 3-5 

5 + 2-5 

6 — 2-0 

7 - 3-9 

Longitude. 

Mean Noon at Mult&n, by Chron. 4, deduced from Observations of the Sun, h m B 


•1857, January 8 7 29 43 

Corr. for rate since December 17, Rate = XIV. = gaining 15 s 7 24 2 

Mean Noon at Raulpindi, December 17, by Chron. 4 7 18 21 

Meridional difference in Time 5 41 

O / // 

Raulpindi, East of Green 72 59 49 

Multan, West of Raulpindi 1 25 15 

Mult&n, East of Green 71 34 34 

Thuillier’s App. gives as approximate values: 

O / // 

Latitude N. . . 30 10 40 

Longitude E. Green 71 30 0 

Meridian. 

Deduced from Altitudes of the Sun 118° 55'- 3. 


No. 26. Shtecarfur, in Sindh. 

Situated in a low and level plain of rich alluvial soil, 21 miles west of the 
Indus, this station is one of the most important commercial places of Upper Sindh. 
The bankers at Shikarpur, chiefly Hindiis, are famous for the credit and the 
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extent of their hundis (bills of exchange), .which are accepted in every part of India, 
and even in the principal markets of Central Asia. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

27° 55' 10" 68° 51' 50" 60 feet. 

Observations: 1857, February 5. 

Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 


Latitude and Time. 
1857, February 5. Horizontal Circle. 

A.M. 

Sun, Lower Limb. 


Vertical Circle. 


1) 

h 

m 

S 

o 

/ 

// 

O 

/ 

// 

4 

56 

1 

153 

54 

40 

27 

38 

5 

2) 

5 

0 

19 

154 

45 

10 

28 

23 

7 

3) 

5 

4 

4 

155 

28 

30 

29 

0 

55 

4) 

5 

8 

10 

156 

15 

53 

29 

46 

25 

5) 

5 

12 

9 

157 

5 

23 

30 

24 

25 


( 759-3 millim. m , . . ( 17-2 C. 

I 29-894 inch®. Temp ' of Alr | 63-0 Mir. 

Calculated by Method I., from Observations 1 and 5. 


Refraction .... 

Parallax 

Semidiameter . . 
Sum of Corr. 


Latitude N. 


+ 08 
+ 16 15 
+ 14 37 


I. h corr. = 27 52-2 
II. h' corr. = 30 39-2 


+ 08 
+ 16 15 
+ 14 48 

15° 56'- 1 


27° 55'- 2 


as errors: 


Mean Noon (corr for Equation of Time) 7 h 43 m 29 8 . 

The comparison of the single observations with the elements thus found gives 
Tors: 

No. of Observ. Calc.— Obs. 


2 

3 

4 


— 0-8 
— 1-1 
— 5-2 
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The mean of Calc. — Obs. (including l.and 5, used for the calculation and giving 
half the weight to 4) 

= - l'-0, 


and is reduced to a minimum, either, by diminishing the latitude for l'-7, or by 
diminishing the noon for 4 a in time; if the error is divided equally between both, 
we get: 

Latitude N. ' 27° 54' -4 

Mean Noon (corr. for Equation of Time) . 7 h 43 m 27 s 


Longitude. 

Mean Noon at Shikarpur, by Chron. 4, deduced from .Observations of the 


Sun, February 5 7 43 29 

Mean Noon at Karrachi, by Chron. 4, February 24 7 55 38 

Difference of Time uncorrected for Rate 12 9 

Rate for 19 days (Chron. 4 gaining 15 a ) — 4 45 

Corrected difference of Time 7 24 

O / // 

Meridional Difference in Arc 151 0 

KSrrachi, East of Green .....67 051 

Shikarpur, East of Green. ... . 68 51 51 


We have no data of other direct observations for comparison. 


No. 27. SivAN, in Sindh. 

This is at the present day a comparatively small town, though, both from history 
and the still existing evidences of decayed grandeur, as shown by the large masses of 
fallen houses and ruined mosques, it must formerly have been a place of no incon- 
siderable extent and importance. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

26° 25' 0" 67° 56' 40" 140 feet. 

Latitude and longitude are taken from the Karrachi Collectorate Map, 1851 
(scale of map: 2 miles to the inch.) 

Meridian. 

It was found for the magnetic declination by observations of the sun in the 
morning and evening. 

Instruments: Theodolite 1, Jones'; Chron. 4; Barom. 7, Pistor; Observer: Robert. 
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1857, February 13. 

h m s 

1) 4 27 5 

2) 4 30 21 


Horizontal Circle. 

O / // 

178 54 0 

179 24 10 


Vertical Circle. 

O / // 

23 27 32 

24 4 42 


•r, ( 756-1 millim. 

Barom. < , , 

( 29-768 inches. 


Temp, of Air 


25-4 C. 
77-7 Fahr. 


O / 

Sum of Corrections for these 2 Altitudes . . + 0 14-0 


8 — 13 22-8 

li m s 

Apparent Noon deduced from 1 8 5 28 

„ „ 2 . 8 5 31 

Meridian of the Theodolite 238° 55' 9". 
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No. 28. Karraohi, in Sindh. 

Situated at the 'western end of the Delta of the Indus, close to the sea, this is 
an important sea port for the Panjab, and for Western India in general. 

The cantonment where my observations were made is about three miles to the 
north of the harbour. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

24° 45' 30" 67° 0' 51" Little above the level of the sea. 

Observations: 1857, February 24. 

Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 


1857, February 24. 

Latitude and Time. 

Horizontal Circle. 

Vertical Circle. 


h 

m s 

A.M. 

Sun, Lower Limb. 

o in 

o 

/ // 

■ 1) 

4 

2 53 

233 .27 33 

20 43 45 

2) 

4 

7 21 

234 3 50 

21 39 30 

3) 

4 

13 21 

234 57 10 

22 58 15 


u 

m S 

P.M. 

Sun, Upper Limb. 

O / // 

0 

/ // 

4) 

12 

18 14 

10 25 25 

20 42 0 

5) 

12 

24 18 

11 16 30 

19 26 45 

6) 

12 

29 18 

11 56 40 

18 26 0 

D 

12 

36 9 

12 46 45 

17 28 0 


I 


23 
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Baroin. 


759-0 miTli in. 


Temp, of Air • 


26-0 C. 

78 -8 Fahr. 


29-882 inches. 

Calculated by Method II. 

. Time. 

. . h m s 

Apparent Noon,’ deduced from corresponding Altitudes (1, 2, and 5) . . . 8 9 2 

Equation of Time ............... i .............. j . . + 13 24 

Mean Noon 7 55 38 


Latitude. 

For calculating the latitude, the mean was used if .1,-2, and 3 

Corrections. 

/ 

Refraction — 2-5 

Parallax . . . ; . . . -f- 6-1 

Semidiameter ■'.... . .... + 16-2 


. . ■= 4* 10 m 38“ 
h = 22° 2.1' 37" 


Sum of Corr. ...... -f- 13-8 

o / , 

h corr. = 22 35- 5 

8 . . . = — 9 30-4 

Latitude N 24° 45'- 5. 

For comparison, I add the. latitude given on the chart of the coast of Sindh and 
Kach, by Lieut. A. M. Grieve, 1848-50, 24° 50' • 5 N. 

The longitude on the same chart, "which we also adopt, is 67° 0' 51" East Green: 

Meridian. 

Deduced from corresponding Altitudes of the -Sun ..... 301° 32' =0. 


No. 29. Bhuj, in Each. 

Bhuj is the capital of the native state of Kach, a country geologically remarkable 
for the frequent occurrence of earthquakes. A hill, crowned with a strong native 
fort, lies close to the town. 

After leaving Karrachi, the level of my theodolite getting out of order, I was obliged 
to replace it by another level, which could not be very accurately connected with the 
vertical circle. Consequently, I could only use my observations for calculating the 
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meridian required for the declination. The value obtained may, however, be consi- 

' ' ...» t 

dered as sufficiently exact, since I purposely took the altitudes of the sun at very low 
elevations. 

My instruments were put up not far from the British Resident’s house. Latitude and ' 
longitude are taken from information communicated to me from the Quarter Master 
G-eneral’s Office at Bombay. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

23° IT 69° 40' 283 feet. 

Observations: 1857 ; March 16. 

Instruments: Theodolite 1, Jones; Chron. 4; Barom. 7, Pistor. Observer: Robert. 

Meridian, ■ 

Sun, Upper Limb. 

1857, March 16. Horizontal Circle. Vertical Circle, 

at 4’ 1 50 m p.m. Local Time. 252° 18' -5 18° 26' 30" 

■ 5 C. 

• 7 Fahr. 

O / 

Corrected Altitude of the Sun’s Centre .......... 18 7-7 


Sun’s Declination — 1 38-5 

Meridian . 172 18-7 


No. 30. Rajkot, in Kattivar. 

It is situated 150 miles west of Baroda, and though the principal station of 
Kattivar, is not by any means a large place, 

I had my instruments put up near the church. 

Here, as in Bkuj, I could only determine the meridian. 

Latitude and longitude are derived from information received at the Quarter Master 
General’s Office at Bombay. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

22° 13' 71 Q 7' 325 feet. 

23*' 


Barom. 


750-6 millim. 
29-552 inches. 


Temp, of Air 


31 

88 
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Observations: 1857, March 22. 

Instruments: Theodolite 1, Jones; Chron 4; Barom. 7, Pistor. Observer: Robert. 


Meridian. 


1857, March 22. Horizontal Circle. Vertical Circle. 

Sun, Lower Limb. 

at 7 h 20“ a.m. Local Time. 292° 18' 26" 16° 13' 15" 

Sun, Upper Limb. 

at 4 h 50“ p.m. Local Time. 99° 38' 20" 

100° 6' 33" 

17° 58' 0" 
16° -54' 15" 

•r, ( 750-8 millim. 

29.560 tales. Te m p. .( Air 

j 33-2 C. 
(91-8 Fahr. 

Meridian, deduced from corresponding Altitudes . 

. . . 16° 13'- 


GROUP V. 

CENTRAL AND SOUTHERN INDIA. 

STATIONS 31 to 43. 

SSiger. Jablpur. Nagri. Rajamandri. — Madras. — Bombay. — Pima.— Mahabaleshvar. — Kaladghi. 

Bellari.— Utakamand. — Utatur. — Galle. 


The Great Trigonometrical Survey having been already extended in detail over 
these countries, we were, consequently, supplied with accurate materials for latitudes 
and longitudes. 

These determinations were the more valuable for us, since the considerable distances 
we had. to traverse, and the important variety of objects relating to physical geography 
to be observed, greatly limited our tim e 

In general, besides the magnetic intensity and dip, we only determined the true 
meridian for its comparison with the magnetic meridian. 
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In Central and Southern India we made magnetic observations at 13 stations 
(Nos. 31 to 43); also the heights of the different places above the level of the sea 
were calculated from our own observations. 

No. 31. SAGER, in Malva. 

Latitude North. Longitude East Green. Height. 

23° 50' 9" 78° 43' 26" 1,880 feet. 

A civil and military station, on the Bessi river, in a hilly country. 

Observer: Adolphe. 1855, December 18. 

No. 32. Jablpur, in MAlva. 

Latitude North. Longitude East Green. Height. 

23° 9' 39" 79° 56' 18" 1,480 feet. 

This station is situated one mile north of the N&rb&da river, at the base of trap 
hills. The population is, for the most part, composed of Hindus, but is considerably 
mixed with elements of the aboriginal tribes of the Grods and Bhlls. 

Observer: Adolphe. 1855, December 23. 

Meridian. 

Deduced from the passage of Achernar 349° 50' -0. 

No. 33. NAgri, in OrIssa. 

Latitude North. Longitude East Green. Height. 

20° 25' 25" 78° 52' 50" 850 feet. 

A small village, 82 miles south-east of Nagpur. 

Observer: Adolphe. 1856, January 11. 

No. 34. RajahAndri, in OrIssa. 

Latitude North. Longitude East Green. Height. 

17° 10' 30" 81° 46' 35" 35 feet above the level of the sea. 

A considerable town, with a mixed population of high caste Hindus and various 
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tribes of Southern India, situated at the upper end of the Godaveri Delta, on the left 
bank of the principal branch of the river. 

Observations : 1856, February 6. 

Instruments: Theodolite 2, Jones; Ghron. l; Barom. 6, Adie. Observer: Adolphe. 

Latitude and ' Time. 

1896V February 6. Horizontal Circle. Vertical Circle. 

' Sun, ’Lower Limb. 

A. M. 


1) 

h. m s 

.11 14 44 ; 

213 45.* 2. ; 

0 / 

, 55 48 

2) 

11 37 38 

223 ‘ 9-5 

56 44 



P.M. 


3) 

h. m. s 

12 14 18 

239.19-0 

0 / 

56 16 

4) 

12 36 30 

24816-0 

54 45 

«). 

12 45 39 

251 49-5 ’ 

53 51 

Barom. - 

i 

; 759-3 millim. 

1 29 • 894 inches. 

Temp, of Air 1 

: 30-0 C. 
i 86-0 Fahr. 


Calculated by Method I., from Observations 1 and 5. 

■ 1. 5. 

/ / 


Refraction . . . 

, . . — 

0-6 

— 

0-7 

Parallax 


0-1 

+ 

0-1 

Semidiameter 


16-3 

+ 

16-3 

Sum of Corr 

. ... 4- 

15-8 

+ 

15-7 

Of 

1. h corr. = 56 3*8 

8 = 




5. h f corr. = 54 6-7 

8 ' = - 

’ 15< 

3 47' -4 


Latitude N. 


.. 17° 

16' 

30" • 


Time: Mean Noon .......... ll h 33” 14® 

As we have no special data, the longitude, 81° 46' 35" Bast Green, (corrected for . 
Madras), is taken from Wyld’s map, which gives at the same time for Rajam&ndri a 
latitude of 17° 2' .If. 

Meridian. 

Deduced from Altitudes of the Sun .' . 227° 59' • 7. 
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No. 35. Madras. 

Latitude North. Longitude East Green. Height of the Barom. 

13° 4' 11" 80° 13' 56". 21 feet above the level of the sea. 

The geographical co-ordinates refer to the Madras Observatory. 

The longitude as mentioned above is Taylor’s determination. 

The magnetic observations were made by Adolphe; 1856, March. 

The Government Astronomers, Colonel Jacob, and, in his absence, Major Worcester, . 
most kindly supplied us, during our travels, with corresponding materials of observa- 
tions, both magnetical and meteorological. 

No. 36. Bombay. 

Latitude North. Longitude East Green. Height of the Barom. 

18° 53' 30" 72°. 49' 5" 38 feet above the level of the sea. 

The geographical co-ordinates refer to the Bombay Observatory. 

This observatory, which is directed by Lieutenant Fergusson, I.N., is situated at 
Colaba, at the southern extremity of the island; it is also furnished with an extensive 
set of instruments for magnetic and meteorological' observations, which, together with 
astronomical observations, are annually published at Bombay. 1 

We here made a detailed series of comparisons of our magnetic instruments. 

No. 37. PtfNA, 

Latitude North. Longitude East Green. Height. 

18° 30' 23<' 73° 52' 8" 1,819 feet. 

Latitude and longitude' refer to St. Mary’s Church. 

This is the principal military station of the Dekhan, situated on the western 
Ghats, in an open plain, which is intersected by the Muta and Mula rivers. 2 

Magnetic Observations: 1855, January. Observer: Hermann. 

1 Sec “Bombay Magnetical and Meteorological Observations”, published since April, 1845. 

2 Its vicinity to Bombay and connection with it by a railway considerably increase its importance. Its native 
population consists chiefly of Maharatas. 
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No. 38. Mahabaleshvar, in the Dukhan. 

Latitude North. Longitude East Green. Height. 

17° 55' 25" 73° 38' 42" 4,390 feet. 

Though an important sanitarium during the dry part of the your, thin station 
is scarcely habitable during the rains. \ 

Magnetic Observations: 1854, December. Observer: Adolphe. 


No. 39. KIladghi, in the Dukhan. 

Latitude North. Longitude East Green. Height, 

16° 12' 55" 75° 29' 55" 1,720 feet. 

This was formerly a large military station, in the district of Bolgtium. Having 
been given up, the cantonments are rapidly falling to ruin, like many other military 
stations now deserted in Southern India. 

Observer: Adolphe. 


Meridian. 

Deduced from the passage of Sirius, 1855, January 19, late in the night 220° 10'. 7 


No. 40. BellAri, in MaissOr. 

Latitude North. Longitude East Green. Height. 

15 ° 8 ' 57 " 76° 53' 45" 1,580 feet. 

The prmcipal place of Maissur, with a large cantonment and hill-fort. 

Observer: Adolphe. 

Meridian. 

Deduced from low Altitudes of the Sun , )y0 (| 


No. 41. UtakamAnd, in the NfLcmus. 

Latitude North. Longitude East Sreen. Hei-1,1. 

11 23 4=0,1 76 ° 43 ' 10 " 7,278 feet 

was considerably to tto^rthrf if^ t0 ^ JaC ° b ’ S f ° rmei ‘ 0bsci ' vutwi T ! my (Adolph, .V, tent 

of then^r^ most ***** sanitariiun ’ ana “ sita > tei « 

Observations: 1856 , March 14. 

•“* * a B— e. Adte. Observer: Ad„ Il)ll0 . 
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Latitude and Time. 


1856, March 14. 


h m b 

.1) 3 7 15 

2) 3 10 52 

3) 3 38 40 


Horizontal Circle. 
Sun’s Centre. 

P.M. 

0 111 
125 25 0 

129 5 0 
152 38 40 


Vertical Circle. 


O / // 

75 56 15 
75 44 BO 
72 26 20 


Barom. 


586*5 millim. 
23*091 inches. 


Temp, of Air 


22*2 C. 
72*0 Fahr. 


Calculated by Method I. ? from Observations 1 and 3. 


Refraction 

Parallax 

Sum of Corr. . . 

1. h corr. = 75° 56 7 
3. h* corr. = 72 26 10 


1. B. 

in / // 

— 0 11 — 0 13 

+ 03 +03 

— 08 — 0 10 


8 = 5' = — 2° 15' 0" 


Latitude N 11° 29' -1 

Time: Mean Noon (corr. for Equation of Time) ... 3 U 4 m 25 s 

Control. 

O / 

Calculated Apparent Altitude (Obs. 2) 75 43-7 


Observation 2 75 44-5 

Calc.— Obs — 0-8 
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Meridian. 

Deduced from Observations of the Sun 122° 30' -6. 


No. 42. Utatur, in the Karnatik. . 


Latitude North. 
11° 4' 40" 


Longitude East Green. Height. 

78° 51' 40" 280 feet. 


A small place, 22 miles north of Trichin6palli, but well situated as an inter- 
mediate magnetic station between Madras and the Nllgiris. 


Magnetic Observations: 1856. 


24 


J. 
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No. 43. G-alle, in Ceyl6n. 

Latitude North. Longitude East Green. Height. 

6° 2' 30" 80° 10' 45" Little above the level of the sea. 

This is the most important harbour of Ceylon for the Overland Route to India, 
China, and Australia. 1 

Magnetic observations of Intensity were made 1857, May 2, . in the native town, 
north of the fort. 

Mendiari. 

From low corresponding Altitudes of the Sun ... 33° 25' -5. 


1 Recently, the, Peninsular and Oriental Company’s Steamers go by way of Mauritius to Australia. 



B. HIGH ASIA. 


a. HIMALAYA. 

GROUP VI. 

BHUTAN TO NEPAL. 

STATIONS 44 to 49. 

Narigtin. — Darjiling. — Rangit Bridge. — Tonglo.—FaMt.— Kathmandu. 


No. 44. Narigun, in Bhutan. 

This place is the residency of a Lama Governor, and is the most southern out- 
post on the route from Lhassa, via Tauong to Assam. The houses of the Lama are 
surrounded by a large village, built quite close to the banks of the river Ri-ju, and 
not, as most Himalayan villages, upon the flanks of a mountain. 

The country does not belong to Bhutan Proper, but is a direct dependency of 
Lliassa. 

I experienced great difficulties in getting to Nhrigun with my instruments. The 
observations were made half a mile south of the village, in a grove of trees which 
allowed of my remaining unobserved. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

20° 53' 50" 92° 6' 0" 3,615 feet. 

Observations: 1856, January 10 and 12. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 

24* 
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Latitude and Time. 


1856, January 10. 

10 h 19 m 33 s a. Jupiter. 


Yertical Circle. 
25° 28' 20" 


1856, January 12. 
S h l m 28 s 


b. Sun’s Centre. 

Horizontal Circle. 
123° 42' 40" 


Yertical Circle. 
40° 0' 5" 


Barom. 


671-6 xnillim. 
26-441 inches. 


Temp', of Air 
Jupiter. 


0 / 

Sum of Refraction + Parallax — 0 1-8 

Declination — 11 29-0 

B.A. 22 h 19 m 59 s 


26-9 C. 
80-4 Fahr. 

* Sun. 

0 / 

— 0 0-9 

— 21 46-1 


Time: Mean Noon from Jupiter 3 h 57 m 28 s 

Latitude from the Sun (calculated by one Approximation) 26° 53' 50" 


Longitude. 

The chronometer could not be keyed January 6, the kuli remaining behind. 
Time is therefore arbitrary. The above longitude is based on a series of bear ing s 
connecting a peak close to Narigun with Udelguri; the result was a difference of 
longitude of 10', Narigun being east of Udelguri. 

I have no other data for comparison. 


Meridian. 

Deduced from low Altitudes of the Sun . . . 


138° 10' -0. 


No. 45. Darjiling, in S ikkim . 

This important sanitarium for Eastern Bengal is the chief place of British Sikkim 
under the charge of the Superintendent and Political Agent, Dr. Campbell, a gentleman 
well known for the active personal part he took in Dr. Hooker’s travels in Sikkim, 
and to whom I too am greatly indebted for the kind assistance he gave me. 

My instruments were placed on a little hill, called at the station, “Observatory 



group vi. bhutIn to nepIl. 


189 


Hill”, where a well-constructed shed for the meteorological observations, in charge 
of the medical officer of the station, then Dr. Withecom.be, is erected. 

This point was selected principally because it allowed of the theodolites being 
used very favourably for measuring the gigantic snow peaks to the north. 

The rainy season, and my long absence to the north of the station, preventing 
a regular series of astronomical observations, the latitude and longitude were taken 
from the G-. T. S. 


The magnetic intensity was determined twice, in April and July. 


Hermann. 


Geographical Co-ordinates. 


Latitude North. 
27° 3' 0" 


Longitude East Green. 
88° 15' 15" 


Height. 
7,168 feet. 


Observer: 


Meridian. 

Deduced from Observations of Polaris. 

h m s 

Mean Noon at Calcutta, 1855, March 8, by Chron. 3 6 5 11 


Darjiling, West of Calcutta + 0 0 20 

Mean Noon at Darjiling 6 5 31 

Rate of Chron. 3 (VI. and VII.) = 0 

Latitude N. of Darjiling 27 3 10 

Azimuth of Polaris, 1855, July 23, 4 h 18 m p.m. Green. 

Time (1° 36' west of the Meridian) ....... 310 2 10 

Meridian 311 38 10 


Ho. 46 . RXngIt Bridge, in SIkkim. 

This spot, which owes its considerable depression partially to the erosion of the 
Rangl't river, is ' situated on the road between Darjiling and Tonglo, in a straight line 
five miles north-west of Darjiling. 

The latitude and longitude of this place were easily deduced from bearings to 
the surrounding peaks; astronomical observations, however, could not be made, the 
malarious condition of the air making a longer stay dangerous. 

Bor the magnetic observations, Rangit Bridge was an interesting station, on 
account of its unusually low elevation, and its situation in the most rainy part of 
Sikkim. 
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Geographical Co-ordinates. 

Latitude North. Longitude East Green 

27° 4' 50" 88° 10' 15" 


No. 47. T6nglo, in S£kkim. 

The southernmost peak of the Singhalfla ridge. 

I (Hermann) had to cut down some of the trees of a beautiful rhododendron 
grove (so dense it was) in order to clear a view for my trigonometrical observations. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

27° 1' 50" 88° 3' 55" 10,080 feet. 

Determined hy the G. T. S., from a private communication by Colonel Waugh. 

Meridian. 

From low corresponding Altitudes of the Sun . Ill 0 11' 10". 


Height. 
3,130 feet. 


No. 48. FlLtfr, in Sikkim. 

The summit of this peak was the second point of my observations on the Singhalfla 
ridge. Fogs and rain made it very difficult to select the proper moments for good 
observations of the sun; the very early hours of the morning, however, were in 
general perfectly clear. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

27° 6' 20" 87° 59' 0" 12,042 feet. 

Observations: 1856, May 22. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 

Latitude. 

1855, May 22. Vertical Circle. 

3 h 20 m 53 s Polaris. 25° 42' 5" 

; io° o C. 

| 50-0 Eahr. 


Barom. 


496-6 millim. 
19- 552 inches. 


Temp, of Air 
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h m s 

Mean Noon at Calcutta, 1855, March 8, by Cbron. 3 . 6 5 11 

Faliit, West of Calcutta 4-0 1 $ 

Mean Noon at F&ltit. . . 6 6 17 


The Rate VII. of the Chronometer, gaining: 0 s -5. 


Calculation. 

Time by Chron. 3 

Mean Noon by Chron. 8 

Mean Local Time 

Falut East of Green 

Mean Green. Time 

Acceleration of the Fixed Stars 

Faliit East of Green. 

Sidereal Time at Mean Green Noon . . 
Sidereal Time at Faliit 


h in a 

15 20 53 
6 6 17 


9 

14 

36 

5 

51 

56 

CO 

22 

40 

+ 0 

0 

33 

5 

51 

56 

CO 

58 

12 

13 

13 

21 


O / 

Observed Altitude of Polaris 25 42 • 1 

Refraction — 1.4 

First Term of the Series 127-1 

Second Term „ „ 0 0-0 

Third Term „ „ -f- 0 0-4 

Latitude N 27 8-2 


We have, however, adopted as latitude, 27° 6' 20" N., being, as well as the longi- 
tude, the result based upon the Calcutta meridional series. 


Meridian. 

Sidereal Time ' . . . 

It A. of Polaris . . . 

Hour Angle in Time .... 

Latitude N 

Azimuth of Polaris 

Bearing to Polaris 

Meridian 


h m a 

13 13 21 
1 5 40 

12 7 41 

0 / 

27 8-2 

0 4 

214 10-0 

214 16-0 


No. 49. Kathmandu, in NepAl. 

The broad valley, in which Kathmandu, the capital of Nepal, lies, is intersected 
by many rivers. Its lacustrine deposits, which originally presented an almost level 
surface, are now much cut up into channels by former water-courses, and the more 
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or less isolated banks, which are called “Tars”, form a predominant fnatim* <>i tin- 
valley. 

My instruments stood on the Residency’s “Tar”, south of the mitral parts of 
the town. Colonel Ramsay, Political Agent to the Governor General, most kindly 
allowed me to erect some huts in his park for a continued series of observations. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

270 42 ' 5 " 85° 11' 59“ 4,350 feet. 

Observations: 1857, March 4. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 9, Bister. Observer ; Hermann, 


Latitude and Time. 

1857, March 11. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

A.M. 


1) 

6 

55 

49 

O 

43 

12 

n 

0 

O 

51 

/ n 

58 19 

44 39 

2) 

7 

1 

9 

45 

53 

5 

52 

3) 

7 

6 

47 

47 

59 

55 

53 

1 8 0 

4 ) 

7 

27 

21 

56 

11 

55 

54 

55 24 

5 ) 

7 

33 

50 

58 

55 

15 

55 

1 7 A 

6) 

7 

39 

10 

61 

13 

55 

55 

•U) <} 

7) 

8) 

7 

7 

45 

52 

7 

26 

63' 

66 

.45 

58 

3 

57 

55 

56 

na 

! ) 4m 1 J 

48 54 

0 7 

9) 

8 

4 

43 

72 

24 

5 

w r, 4 


k m e 

10) 8 8 46 

11) 8 17 27 

12) 8 32 49 

13) 8 45 12 

14) 9 20 55 

15) 9 27 13 

16) 9 31 51 


P.M. 

o / n 

74 11 52 
78 2 25 
84 41 25 
89 56 25 
103 41 25 
105 53 10 
107 27 0 


O / II 

56 8 29 
56 1 44. 
55 31 12 
54 49 39 
51 37 4 
50 52 0 
50 18 0 


O 

Temp, of Air 


Barom. j 65 ^ -1 ““H™- 
i 25-634 inches. 


20-0 C. 
68-0 Falrr. 
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First Approximation. 

Calculated by Method III., from Observations 8, 9, and 11. ' 

0 t 

Calculated Apparent Altitude of Sun’s Upper Limb, when culminating 56 8-9 

Refraction ' — 0-5 

Parallax + 0-1 

Semidiameter — 16-1 

Calculated True Altitude of Sun’s Centre 55 52-4 

Sun’s Declination — 6 25-9 

Latitude N • 27 41-7 

Mean Noon (corrected for Equation of Time) 7 h 53 m 46 s . 

Second Approximation. 

Comparison of the single observations -with the elements obtained by the first 
approximation. <p has been adopted in round number = 27° 42'. 


25 


I. 
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* 



A.M. 




1 

l. 

2, 

3. 

4. 

5. 

(). 

7. 

Time of Observation, by 
Chron. 3 . . 

6 h 55“49 9 

7 h l m 9 s 

7 h 6 m 47 B 

7 h 27 ra 21 8 

7 h 33“ 50 s 

7 ll 39“10 8 

71145 m 7 B 

Mean .Noon . . .Ifrom 1 st 

7 h 53“46 B 

7^53“ 46 s 

7 t 53“46 B 

7 h 53“46 8 

7 h 53“46 8 

7 ll 53“46 9 

7 h 53“46 B 

Mean Local Time) Approx 

— 0 h 57“57 B 

— 0 h 52“37 B 

— 0 h 46“59 B 

— 0 h 26“25 8 

— 0 h 19“56 8 

— O' 1 14“ 3 6 s 

— 0 h 8 ” 39" 

Equation of Time . . . 

— 11“58 B 

— 11“ 58 s 

— 11“ 58 s 

— 11“ 58“ 

— 11“ 58 8 

— 11“ 58 s 

— 11“ 57“ 

Hour Angle in Time . . 

— l 1 * 9 m 55 s 

— l h 4 m 35 8 

— 0 h 58“57 8 

— 0 k 38“ 23 s 

- 0 h 31“54 8 

0 1 ’ 2 6 “ 3 4 s 

— 0 h 20“36 B 

Hour Angle in Arc = t 

— 17°28'-8 

—16° 8' -8 

-14° 44'- 3 

— 9° 35 ' -8 

— 7° 58'- 5 

— 6°38'-5 

— 5° 9'-0 

h (Sun’s Declination) . 

— 6 ° 26'- 7 

— 6°26'-6 

— 6 ° 26'- 5 

— 6 ° 26' -2 

— 6°26'-l 

— 6°26'-0 

— 6°25'-9 

sin 9 sin 3 

-0-05218 

-0-05217 

-0-05215 

-0-05211 

-0-05210 

-0-05208 

-0-05207 

cos <p cos 5 cost . . . . 

+ 0-83918 

+ 0-84510 

+ 0-85086 

+ 0-86752 

+ 0-87132 

+ 0-87394 

+ 0-87628 

Sum = sin h . 

0-78700 

0-79293 

0-79871 

0-81541 

0-81922 

0-82186 

0-82421 

h (True Altitude of th 
Sun’s Centre) . 

51° 54' -3 

52°27'-5 

53° O'- 4 

54° 37' -7 

55° O'- 5 

i 

55° 16' -3 

55° 30' -5 

Refraction + Parallax . 

+ O'- 5 

+ O'- 5 

+ O'- 5 

+ O'- 5 

+ O'- 5 

+ O'- 5 

+ O'- 4 

Calcul. Appar. Altitude o 
Sun’s Centre .... 

51° 54 ' -8 

52°28'-0 

53° O'- 9 

54° 38' -2 

55° l'-0 

55° 16' -8 

55°30'-9 

± Sun’s Semidiameter . 

+ 16'- 1 

+ 16'- 1 

+ 16'- 1 

+ 16'- 1 

+ 16'- 1 

+ 16'-1 

+ 16'- 1 

Calculated Observation 

52° 10' -9 

52° 44'- 1 

53°17'-0 

54° 54' -3 

55°17'-1 

55° 32' -9 

55°47'-0 

Direct Observation . . . 

51° 58'- 3 

52° 44' -7 

53°18'-1 

54° 55' -4 

55° 17'- 1 

55° 32' -2 

55° 48' -9 

Calc. — Obs 


— O '- 6 

— l'-l 

— l'-l 

O'-O 

+ O' - 7 

— l'-9 






Group A. 




Observation 9, p. 192, was left laid down a.m., as we found it in our original manuscripts, 



group vi. bhutXn to nepIl. 




7 u 52 m 26 8 

7 h 53 ,n 46 8 

8 h 4 m 43 9 

7 h 53 m 46 8 

— 0 h l m 20 8 

- ll m 57 8 

40 h 10 ra 57 8 

— 11“ 57 8 

— 0 h 13 m 17 8 

— 3°19'-3 

— 6°25'-8 

-0-05200 

40-87830 

— O h 1“ 0 s 

— 0° 15'-0 

— 0° 25' -7 

-0-05204 

40-87984 




8 U 8 m 46 8 8 U 17“27 8 8 h 32“49 8 
7 ll 53“46 8 7 h 53 m 46 8 7 h 53“46 8 


+ 0 h 15 m 0 s +0 h 23 m 41 8 +0 h 39 m 3 8 


-f-0 h 3” 3 8 +0 h ll m 44 8 
+ 0°45'-8 + 2° 56'-0 


— 6° 25' -6 


6° 25' -5 


0-82030 0-82780 


-0-05203 -0-05202 
4-0-87975 40-87868 


0-82772 0-82666 


40 h 27 m 7 s 
4 6° 46' • 8 
- 6° 25'-, 2 

-0-05198 

40-87370 


0-82172 


8 h 45 m 12 8 9“20“55 8 9 h 27 m 13 8 9“ 31“ 51 
7 h 53 m 46 s 7 h 53“46 s 7 ]1 53“46 8 7 h 53“46 


|40 1 51 m 26 8 |4P27“ 9 8 |4 l h 33 m 27 8 |4P38 m 5 
56 


4 0 h 39 m 30 8 4 l h 15 m 13 s 4 l h 21 m 31 8 4P26” 9 
4 9° 52'- 5 418° 48'- 3 420°22'-8 421°32'-3 
— 6° 25' -0 — 6°24'-4 — 6° 24' -3 — 6°24'-2 

-0-05195 -0-05187 — *0-05186 -0-05184 
40-86682 4 0-83290 4 0-82480 4 0-81844 


0-81487 0-78103 0-77294 0-76660 


55° 43'- 3 I 55° 52'- 5 55°51'-9 55°45'-5 55°15'-3 54°34'-3 51°21'-3 50°37'-l 50° 3'- 0 

'•4 4 O'- 4 4 O'- 4 4 O'- 4 4 0 -4 4 0'-5 4 O'- 5 4 0'-5 

55° 43' -7 I 55° 52' -9 I 55°52'-3 55°45'-9 55°15'-7 54°34'-7 51°21'-8 50°37'-6 50° 3' -5 

16' -1 4 16' • 1 4 16'- 1 4 16'- 1 4 16'- 1 4 16'- 1 4 16'-1 



though it is easily seen by the calculation, that it was made after the culmination 


25 
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The mean of the deviations (Calc. — Obs.), including all observations, except No. 1, is : 

/ 

in Group A — 0-5 
in Group B -f- 0 • 7 


We obtain the following differential equations for reducing the errors to their 
minimum: 

1) 0 = — 9-47 — 9-72 dip -f 9-18 dt 

2) 0 = + 9-62 — 9-72 dip — 9-18 dt , 

the co-efficients being logarithmical. 


The solution of these equations gives: 


therefore, 


d<p = 4- 0-1 

dt = + 2-3; dT = 9»-2 

Latitude N. = cp = 27° 42' -1 
Mean Noon = T = 7 h 53 m 37 s . 


Longitude. 


a. By Lunar Altitudes. 


1857, March 4. 

h m s 

1) 11 21 30 

2) 11 30 30 


Altitudes of the Moon, Upper Limb. 

0 1 // 

41 22 20 

43 13 3 


Barom. 


655-3 millim. 
25-8 inches 


Temp, of Air 


20-0 C. 
68-0 Fahr. 


In the present case it happens that the change of declination of the moon is 
absolutely 0, so that the accuracy of the longitude thus obtained is somewhat 
lessened. 

Hypothesis A. Hypothesis B. 

Longitude adopted: 5 h 40 m . Longitude adopted: 5 11 45 m . 


Calc. True Altitude of the Moon’s Centre . 

Parallax . 

Moon’s Semidiameter 

Eefraction 

Calculated Observation 

Direct Observation . . 

Calc. — Obs 


Altitude 1. Altitude 2. 

41° 45 , -9 43 36-8 

— 43-1 - 42-0 

+ 15-8 + 15-8 

+ 0-9 0-9 

41 19-5 43 11-5 

41 22-3 43 13-0 

-2-8 - 1-5 


Altitude 

. 1. 

Altitude 2 

0 

/ 


o 

/ 

41 

48- 

5 

43 

39-4 

— 

43- 

1 

— 

42-0 

+ 

15- 

8 

+ 

15-8 

+ 

()■ 

9 

+ 

0-9 

41 

22' 

T 

43 

14-1 

41 

22 

•3 

43 

13-0 

— 

0 

•2 

' T 

1-1 
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Longitude from Altitude 1 
„ „ Altitude 2 

Mean Longitude 


li m 

5 44-6 
5 42-7 

5 43-7 = 85° 56' in arc. 


b. By Chronometer. 

h m 8 

Mean Noon at Agra, 1857, January 20 . . 8 22 41 

Rate = X. = Losing: 0 s -5 — 22 

Mean Noon referred to March 4 8 22 19 

Mean Noon at Kathmandu 7 53 37 

Meridional Difference in Time 0 28 42 

, 0 / // 
Agra, East of Green 78 1 39 

Kathmandu, East of Agra 7 10 30 

Kathmandu, East of Green. 85 12' 9 


We give the preference to the longitude by chronometer. 1 We have no other direct 
observations for comparison. 


Meridian. 


From Altitudes of the Sun, March 4 . . - 72° 46' -7. 


GROUP VII. 

KAMAON AND GARHVAL. 

STATIONS 50 to 55. 

Nainital. — Milum. — Mana. — Mana pass. — Ussilla. — Massuri. 


No. 50. NainitXl, in KAmAon. 

This sanitarium in the outer ranges of the Himalaya, is situated on one of the 
few fresh-water lakes which are to be found in the Himalaya Proper. 

The lake filling up nearly the whole basin of the valley, many of the houses are 
built on the steep slopes of the mountains. 

Our instruments were put up near the southern end of the lake, about 100 feet 
above the level of the water. 

1 In the proceeding sheet (p. 192), the longitude is given, less accurately, 85“ 11/ 59". This was the result 
obtained by a different grouping of the observations, which proved to give the resulting errors less favourable.. 
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Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height of the lake. 

29° 23' 34" 79 30 55 6,409 feet. 

(From Captain Yanrenen’s observations, Revenue Survey.) 

Observations: 1855, April 28 and May 5. 

Instruments: Theodolite 2, Jones; Chron. 1; Barom. 2, Pistor. Observer: Adolphe. 

a. 1855, April 28. 

1855, April 28. Horizontal Circle. Vertical Circle. 

Sun, Lower Limb. 

1» m a o t ii o / u 

6 22 30 82 5 30 74 17 50 

7-51 118 45 0 72 22 0 

( 605-2 millim. _ , .. ( 20-1 C. 

Barom. Temp, of Air 1 _ , 

( 23-827 inches. (68-2 Fahr. 

O / 

h corr. = 74 33-4 „ „ 

n , „ 8 = 8= + 13° 59 -6 

h corr. = 72 21-6 

Latitude N., by Method I. . 29° 23' ■ 3 

l. 1855, May 5. 

h m a 

Observed Transit of the Sun through the Meridian (Chron. 1, Arbitrary Time) 7 33 38 
Observed Altitude, Sun’s Centre = Ji = 76° 41' -0 at 7 39 18 

( 604-3 millim. ( 22-4 C. 

Barom. ] . Temp, of Air _ , 

( 23-792 inches. 1 (72-3 Fahr. 

h = 76 41-0 

h corr. = 76 40-7 

8 = 4- 16 6-6 

Latitude N 29° 22'- 2. 

Meridian. 

From low corresponding Altitudes of the Sun, May 4 138° l'-2. 


No. 51. MfLUM, IN JoHAE. 

The chief village of the district of Johar, situated on a high alluvial terrace at 
the left side of the Gruri river. 

This place corresponds with what is called in the western Alps “Sommerdorfer”; 1 

1 Neue Untersuchungen iiber die Alpen, von H. & A. Scklagintweit, Vol. II., p. 582. 



199 


GROUP VII. KAJVIAON AND GIREVA!,. 


it is inhabited only in summer by Bhot-Rajputs, active and enterprising people, who 
carry on an extensive trade with the Tibetans, their neighbours, to the north. 

We found unexpected difficulties in collecting provisions sufficient for our large 
establishment during our stay of nearly a month. 


Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

30° 34' 35" 79° 54' 49" 11,640 feet. 

Observations: 1855, June 24 and June 26. 


Instruments : Theodolite 4, Pistor, and Theodolite 2, Jones; Chron. 2 ; Barom. 2, Pistor. Observer: Adolphe. 


Latitude and Time. 


a. June 24. Theodolite 4, Pistor. 

1855, June 24. Horizontal Cirle. Vertical Circle. 

Sun’s Centre. 


A.M. 



ll 

m 

S 

0 

/ 

n 

O 

/ 

// 

1) 

6 

12 

58 

107 

52 

0 

82 

5 

50 

2) 

6 

24 

3 

130 

20 

0 

82 

49 

29 





i 

>. M. 





3) 

6 

33 

50 

150 

1 

45 

82 

42 

35 

4) 

6 

46 

18 

167 

20 

30 

81 

53 

25 


Barom. 


505-0 millim. 
19-882 inches. 


Temp, of Air 


23-8 C. 
74-8 Fahr. 


Calculated by Method III. 


We use for the calculation Observations 1, 2, 3. 


Apparent Noon 

Calculated culminating Altitude of the Sun, corrected for Refraction and Parallax 

3 

Elevation of the Equator • 

Latitude N 

Mean Noon (corrected for Equation of Time) 


& 1 27“ 22° 

82 51-9 
+ 23 26-5 
59 25-4 
30 34-6 
6 h 25“ 27 B 


Latitude and Time, 
b. June 26. Theodolite 2, Jones. 


1855, June 26. 


li m b 

1) 6 1 56 

2) 6 11 55 


Horizontal Circle. 
Sun’s Centre. 

A. M. 

o / // 

306 32 0 
319 16 57 


Vertical Circle. 


O / II 

80 43 25 
82 34 30 
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P.M. 


3) 7 h 5 m ll a 38° 17' 30" 78° 57' 20" 


Barom. 


Temp, of Air 


504-9 millim. 

19-878 inches. 

Calculated by Method I. 


24-2 C. 
75-6 Fahr. 


We use for the calculation Observations 1 and 3. 


O / 

1) h corr. = 80 43-4 
3) h' corr. = 78 57-2 


8 = 5' = + 23° 23' • 9 


Latitude N 30° 40' -2 

Mean Noon (corr. for Equation of Time). . . 6 h 25 m 29 B . 


• Control. 

O / 

Calculated Apparent Altitude at 6 b ll ra 55 s 82 36-0 

Observed 82 34-5 

Calc. — Obs + 1-5 


We prefer, as resulting latitude, the first series, taken with theodolite 4, Pistor, on 
account of its more delicate graduation. 


Longitude. 

h m s 

Mean of the two determinations of Noon (June 24 and June 26) = June 25 6 25' 28 

Bate = V. = Losing: 2 s -85, for 95 days 4 32 

Corrected Mean Noon reduced to March 22 6 30 0 

Mean Noon at Calcutta, March 22 5 56 17 

Meridional Difference in Time 0 33 43 

O / // 

Calcutta, East of Green 88 20 34 

Mflum, West of Calcutta 8 25 45 

Mllum, East of Green 79 54 49 


Meridian. 


True Meridian, from Altitudes of the Sun .... 347° 12'- 9. 


No. 52. Mana, in GXrhvIl. 

This is the highest village in the Vishnuganga valley, situated two miles to the 
north of the celebrated Hindu temples of Badrinath. 
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Geographical Co-ordinates- 

Latitude North. Longitude East Green. Height. 

30° 47' 0" 79° 20' 50" 10,670 feet. 

The longitude we adopt is based on our itinerary distances; the Indian Atlas 
(sheet 66) gives the longitude (corrected for Madras): 79° 28' 55" East Green. 

Observations: 1855, September 1. 

Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 


1855, September 1. 


1 ) 


li in s 

6 12 39 


2 ) 

3) 


6 35 53 
6 43 4 

Barom. 


Latitude and Time. 
Horizontal Circle. 
Sun’s Centre. 


A.M. 

O / 

41 45 

P.M. 


// 

5 


o / n 

56 57 30 


61 44 45 


523-4 millim. 
20-607 inches. 


Vertical Circle. 


o in 

67 39 37 


o / // 

67 33 45 
67 20 0 


Temp, of Air 


20-6 C. 
69-1 Fahr. 


Calculated by Method I., from Observations 1 and 3. 
Latitude N 30° 47' -0 


Meridian. 

Deduced from the Altitudes of the Sun . . . 48° 19' -5 


Ho. 53. MAna Pass, in GAehvAl. 

This pass, the highest on the commercial route between Garhval and Gnari 
Khorsum, is situated two days’ journey north of Mana. It is passable for horses. 

The Indian Atlas (sheet 65) gives as longitude: 79° 23' 25" Bast Green.; the longi- 
tude we adopt is referred to Mana. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31 ° 5' 0" 79° 15' 20" 18,852 feet. 

Observations: 1855, September 5. 

Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 



202 


ASTRONOMICAL DETERMINATIONS 


OE LATITUDES AND LONGITUDES. 


Latitude and Time. 
1855, September 5. Horizontal Circle. 


1) 

2 ) 


3) 

4 ) 


5 54 40 

6 29 33 

h m s 

*6 37 5 
6 59 28 


Sun’s. Centre. 
A.M. 

O / // 

293 14 52 
314 29 45 

P.M. 

0 1 II 

319 11 15 
332 30 0 


Vertical Circle. 


O / II 

65 8 12 

66 3 0 


O I II 

65 50 10 
64 22 0 


Barom. 


388-4 millim. 
15-292 inches. 


Temp, of Air 


3°- 1 C. 
37-6 Falir. 


Calculated by Method I., from Observations 1 and 4. 

Latitude N 31° 5'- 0 

Mean Noon (corrected for Equation of Time) &' 22 m 58" 


No. 54. UssfLLA, in GarhvAl. 

This is the highest village in the valley of the Tons, and was in former .yearn 
chiefly the abode of predatory tribes from Gbaari Khorsum. 

It is now inhabited by peaceful Bhot-Bajputs, who are generally poor. Hero 
observations of magnetic intensity only were made. We deduce the latitude ami 
longitude of this place from its position on the maps of the Indian Atlas (sheet 47), 
altering, however, the longitude for 14 minutes in arc, which will include the difference 
of longitude for Madras and the relative distance in longitude from other places of 
our observations near it. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 7' 40" 78° 18' 10" 8,940 feet. 


No. 55. Massijri, in GArhvIl. 

A hill station, and sanitarium of great importance for the north-western provinces. 
Baiiug Hill, to which the co-ordinates given below must be referred, lies close to Massuri, 
and is one of the principal stations of. the Himalayan part of the GL T. S. We therefore 
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limited ourselves to magnetic observations only. The co-ordinates of Banog Hill 1 were 
kindly communicated to us by Colonel Waugh. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

|0° 28' 30" 77° 59' 58" 7,549 feet. 


GROUP vm. 

SIMLA TO HAZARA. 

STATIONS 56 to 64. 

Vangtu bridge. — Rampur. — Simla. — Sultanpur. — Kardong. — Srinagger. — Daver. — Moziferabad. — Marri. 


No. b6. VIngtu, in the Province oe Simla. 

Hero the Satie) is crossed by a permanent bridge on the way from Bisser to Tibet. 
1 was detained at tins place a few days, on account of a slight accident. A pack- 
horse, I mildly laden with tentage, stumbled and hurt my foot as it was rolling down 
the cud; on the last day of my involuntary rest, however, I was enabled to determine 
tli o dip. 

Observer: Hermann. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 37' 0" 77° 54' 0" 4,210 feet. 

These are referred to itinerary distances from Rampur. 


No. 57. Rampur, in the Province of Simla. 

A large native place on the left side of the SMej, where I (Hermann) took the 
op portunity of a few hours’ halt to determine the latitude by means of a sextant and a 

, Tll( , geographical co-ordinates of Graeemount, where a series of barometrical corresponding observations was 

mud,., al, { ,ur rouuert, by Colonel Waugh, are as follows: 

Latitude North. Longitude East Green. Height. 

30 . 27' 35" 78° 3' 0 " 6,590 feet. 


26 * 
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duplex 'watch by Dent. The longitude is estimated by distance from Simla; Chron. 3 
being with the kulis who were in advance. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 


31° 81' 0" 77° 37' 0" 3,215 feet. 

1856, June 2, Approximate Local Time. Vertical Angle of Sun’s Centre, by Sextant. 

h m s o i ii 

1) ia 46 0 p.M. 80 18 0 

2) 1 18 42 „ 76 14 0 

Calculated by Method I. 

8 = 8'.... +22° 13'-4 

Latitude N 31° 31' 0" 


No. 58. SIMLA, IN THE PROVINCE OE SfMLA. 

This well known sanitarium is situated on the flanks of the outer ranges of the 
Himalaya, 40 miles distant from its southern foot. 

Meeting as we did here, all three, after a long separation, we made a general 
comparison of our magnetic instruments 1 and chronometers; Lord Hay, the Super- 
intendent of the protected Hill States, very kindly gave us every assistance in 
putting up our temporary observatories. 

The observations were made three miles south-west of the native bazar, on a 
ridge, where General Boileau’s observatory had formerly been placed. 2 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

O I II O I II 

Church 31 6 13 77 9 14 

Magnetic Observatory 31 6 6 77 7 36 7,091 feet. 

The latitude and longitude of the church is determined by the G. T. S., those of 
the second point by General Boileau; the height was determined by us barometrically. 

Observations: 1856, May 15. 

Instruments: Theodolite 3, Troughton; Chron. 3; Barom. 1, Greiner. Observer: Adolphe. 

1 See the comparison of the chronometers, p. 106, and the comparison of the magnetic instruments, Section III. 

2 His observations, already prepared for publication, were unhappily destroyed at Agra during the Indian 
mutiny of 1857. 
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1856, 

May 15. 

Latitude and Time. 

Horizontal Circle. 

Vertical Circle. 


h m s 

Sun, Lower Limb. 

A.M. 

0 / // 

O 1 II 

1) 

4 48 13 

3033940 

64 51 10 

2) 

4 58 31 

306 58 50 

66 51 22 


li m s 

Sun, Upper Limb. 

P.M. 

0 / // 

• ’ 

O 1 II 

3) 

9 20 23 

94 4 20 

48 55 30 


Barom. 


587-9 millim. 
23-146 inches. 


Temp, of Air 


22° 2 C. 
72-0 Fahr. 


Calculated by Method I., from Observations 2 and 3. 


2) h corr. = 67° 7-0 S = + 18 55-0 

3) h' corr. = 48 40-2 8' = + 18 57-6 

/ // / // 

Refraction — 19 — 37 

Parallax -f- 4 -f- 4 

Sun’s Semidiameter -fr 15 51 — 15 51 

Sum of Corr . 15 36 — 16 24 

Latitude N 31° 1'- 3 


Mean Noon, deduced from Observation 3 . 6 h 28 m 52 s 


Control. 

O 1 

Calculated Apparent Altitude of the Sun’s Lower Limb at 4 h 48 m 13 s . . 64 52-4 

Observed Altitude 64 51-2 

Calc. — Obs. . ' + 1 • 2 


Meridian. 

Deduced from the Altitudes of the Sun .... 10° 5' -5 


No. 59. SultAnpur, in Kulu. 

Though the chief place of Kulu, this is a small, unimportant village, situated on 
a high hank to the right of the Bias. 

A fort, with a large house in good condition, formerly the residence of the Rajah 
of Kulu, is close to the village; our instruments were put up’ in a wooded plain 
which extends along the right side of the Bias, half a mile’s distance from this fort. 
We observed here the dip and declination. 

Latitude and longitude are from the G-. T. S. 
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Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 57' 50" 77° 5' 50" 3,830 feet. 

Observations: 1856, June 5. 

Instruments: Theodolite 3, Trougliton; Chron. 2. Observer: Adolphe. 

Meridian. 

Deduced from low, corresponding Altitudes ef the Sun .... 226° 6'- 6. 


No. 60. KArdong, in Lah6l. 

Kanets, a mixed race of Tibetans and Hindus, constitute the chief inhabitants of this 
place, which is the capital of Lah61, but contains only a small number of houses. It 
is situated in a narrow part of the Bhaga (Chinab) valley. Kardong is the northern- 
most missionary station, and at the time we passed through there were three Grerman 
missionaries here, Messrs. Jaschke, Heyde, and Pagel, by whom we were received in a 
most friendly manner, and to whom we feel ourselves under deep obligations for 
the great zeal with which, at a later period, they made inquiries about our late 
brother. 1 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

32° 33' 50" 77° 0' 35" 10,233 feet. 

Latitude and longitude are from the G-. T. S. 

Observations : 1856, June 14. 

Instruments: Theodolite 3, Troughton; Chron. 1. Observer: Adolphe. 

Meridian. 

Deduced from low, corresponding Altitudes of the Sun .... 137° 25' 8" 


No. 61. Srinagger, Capital of Kas hmir. . 

This city is built in a longitudinal form on both sides of the Jhllum. 

Our series of observations were taken in the garden surrounding the official 
building, which had been placed at the disposal of the Indian Government by the 
late Rajah Gulab Singh. It is situated close to the right bank of the Jhilum, a mile 

1 See pp. 45 and 65. 
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above the Rajah’s own palace, in a very fine garden, called Shekh Bagh. The geo- 
graphical co-ordinates are referred to this building. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

34° 4' 36" 74° 48' 30" 5,144 feet. 


Observations : 1856, October 24, 25, and 26. 

Instruments: Theodolite 3, Troughtou; Chron. 3; Barom. 6, Adie. Observers: Adolphe and Robert. 


Latitude and Time. 
First Series. 


1856, October 24. 


h ill s 

1) 5 18 4 

2) 5 20 88 

3) 5 22 51 


h in b 

4) 7 44 59 

5) 8 6 37 

6) 8 11 29 


Horizontal Circle. 
Sun, Lower Limb. 

A.M. 

O / II 

212 59 20 

213 47 20 

214 28 40 

Sun, Upper Limb. 
p.m. 

O / Jl 

261 5 40 

266 58 0 
268 39 20 


Vertical Circle. 


O / // 

41 13 40 
41 25 10 
41 35 10 


O / // 

40 43 55 
38 21 5 
37 47 30 

19° 4 C. 
66-9 Eahr. 


Barom. 


635-4 millim. 
25-016 inches. 


Temp, of Air 


Calculated by Method I. 


Wo rise for the calculation the mean of the observations a.m. and p.m. 

j Time 5 h 20“ 31* 

Mean of a.m. j Altitude, corrected for Semidiameter, Refraction, and Parallax 41° 39' -7 

(Time . ... & 1“ 2“ 

Mean of p.m, j Altitude, corrected for Semidiameter, Refraction, and Parallax 38° 40'-3 

6 = — 11° 50' -3 8' == — 11° 52' -6 


Latitude N ^4° 3' 0" 

Mean Noon (corrected for Equation of Time) 6’* 40™ 20 s 
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ASTRONOMICAL DETERMINATIONS OE LATITUDES AND LONGITUDES. 


Second Series. 

1856, October 25. Horizontal Circle. Vertical Circle. 

Sun, Lower Limb. 

A.M. 

h m s o i ii o i ii 

1) 5 32 18 217 36 20 41 54 35 

2) 5 35 21 218 33 40 42 5 50 

3) 5 37 54 219 24 20 42 14 30 

4) 5 40 33 220 16 10 42 23 0 

Sun, Upper Limb. 

r.M. 

hias o j ii o / // 

5) 7 24 33 254 24 40 41 57 50 

6) 7 26 26 255 18 25 41 45 35 

7) 7 31 31 256 53 0 41 23 15 

_ ( 636-2 millim. _ , ( 19°-2 C. 

■ Barom. j , Temp, of Air 1 „ _ , 

( 25-048 inches. * \ 66-6 Fahr. 

Calculated by Method II. 

We use for the determination of time observations 1, 2, and 4; for the latitude, 
the mean of the observations a.m. 

Mean Noon, deduced from interpolated corresponding Altitudes, and corrected for 


the variation of the Sun’s Declination 6 h 40 m 47 B . 

5 = — 12 ° 11'- 3 

Latitude N 33 ° 59' -5 

Third Series. 

Polaris. 

1856, October 26. Vertical Circle. 

l h 0 m 13 s 34° 39' 30" 

h m s 

Time by Chronometer 13 o 13 

Mean Noon, by Chronometer, deduced from the observations, October 24 and 25 6 40 33 

Mean Local Time 6 19 40 

Mean Greenwich Time 1 19 40 

Acceleration of Fixed Stars _|_ 12 

Approximate Longitude of Srinagger E. Green 5 o 0 

Sidereal Time, at Mean Noon at Greenwich . 14 20 14 

Local Sidereal Time, at Srinagger 20 40 6 

O / 

Corrected Altitude of Polaris 34 38-3 

Corrections from the Tables for Polaris 33.7 

Latitude N 34 <L 6 
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Longitude. 

For the definitive determination of the longitude of Srin&gger, we took as the 
basis the results obtained by the G-. T. S. for the Lanka Island, in the Great Vuler 
Lake, and for the mountain Takt-i-Sulaiman. 

The longitudes, as given, by the G. T. S., are: 

Lanka Island 74 36 23 1 

Takt-i-Sulaiman 74 49 43. 

By combining these places with the building in the Shekh Bagh (where the 
observations were taken) we obtain : 

Longitude East Green, of Srinagger .... 74° 48' -5. 

Cunningham gives in his work on “Ladak”, p. 425, without mentioning the 
elements upon which these values are based: 

Latitude North. Longitude East Green. 

34° 5' 28" 74° 58' 0". 

Another longitude (but, as the result showed, only an approximative one) was 
calculated from the eclipse of the moon,* observed at Pashmin, 2 1856, October 13 to 14, 
and referred to Srinagger. 

The observations of Tycho gave (see p. 115): 


Longitude East Green. . 75° 22' 40"; 

observations of the Mare crisium (see p. 116): 

Longitude East Green 75° 51' 30". 


Meridian. 

Calculated from the Observations of the second series, October 25 . . . 236° 10'- 5. 


No. 62. DXver, in Kashmir. 

This small village is situated in the Cures valley, on the left side of the Kishen- 
ganga, an affluent flowing into the Jhilum, near Mozaferabad. 

The Gures valley and the valley of Kashmir to the south lie parallel to each other. 
The magnetic intensity only was determined at this place ; the co-ordinates are approxi- 
matively computed from itinerary references to Srinagger. 

Observer: Adolphe. 

i Corrected for — 3' 25", as are all G. T. S. Longitudes. Compare also p. 100. 

1 Pashmin is situated in Kishtvar, in Latitude N.: 33° 57', Longitude East Green.: 75° 41'. 
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ASTRONOMICAL DETERMINATIONS OP LATITUDES AND LONGITUDES. 


Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 
34° 34' 5" • 74° 46' 0" 7,718 feet. 


No. 63. MozaeerabId, in KashmIr. 

An important frontier town of Kashmir, towards Hazara, situated on the left side 
of the Kishenganga, near its confluence with the Jhilum. 

I put up my instruments 200 yards to the south of the Mussalman "burial- 
ground, remarkable for the great number of monuments and graves which it contains. 

Geographical Co-ordinates. 

. Latitude North. Longitude East Green. Height. 

34° 22' 25" 73° 31' 10" 2,220 feet. 

Observations: 1856, November 10. 

Instruments: Theodolite 2, Jones; Ghron. 5, Grant; Barom. 8, Pistor. Observer: Robert. 



First Approximation. 

Calculated by method H., from corresponding altitudes deduced from observations 1, ' 

2, and 5. ' 

Apparent Noon il h 56 m 23 s 

‘ . Latitude N. from the greatest Altitude, No. 4 34° 18' • 8 



Second- Approximation. 


GROUP VIII. sfMLA TO HA zi. lt A . 


2U 
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ASTRONOMICAL DETERMINATIONS OP LATITUDES AND LONGITUDES. 


A comparison of the single observations with the elements found by the first 
approximation shows, that the observation No. 2, which we use for the formation of 
corresponding altitudes, contains a considerable error. But as deviations present them- 
selves, still small enough for the limits adopted, the method of equations of condition 
could be applied. 

The mean of Group A, excluding No. 2 = -f O' - 8, the mean of Group B = + 6' -4. 
The great difference in quantity and the signs being the same, show a priori, that the 
determination of time as well as of latitude will have to be considerably altered. 

Bor reducing the errors to a minimum, we obtain as the two equations of 
condition : 

1) 0 = + 9-40 — 9-88 d<? + 9-49 dt 

2) 0 = + 0-73 — 9-87 d<? — 9-54 dt, 

the co-efficients being logarithmical. 

The solution of these equations gives : 

d 9 = + 3' • 6 ) These differentials are great, because in the first approximation the time 
dt = + 7 ' - 9 v was based on an altitude interpolated from observations 1 and 2 , and the 
dT = — 31 s -6] latter accidentally happened to be erroneous by 15' -3, 

and for the true elements: 

Latitude N. = cp = 34° 22 ' -4 
Mean Noon = 12 h ll m 44 a . 

For these results the following errors remain: 

1 ) — 0-2 6 ) — 0-6 

3) + 0-4 7) + 0-4 

4) — 0-3 8 ) + 0-2 

5) + 0-1 

Cunningham gives in “Ladak”, p. 483: 

Latitude N 34° 21 ' 46". 


Longitude. 

The longitude is referred to itinerary distances from Srin&gger. We adopt 
73° 31' 10" East Green. 

Meridian, 

Calculated from the Altitudes of the Sun ..... 163° 26' ■ 6. 
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No. 64. MIrri, in the Province of MIrri. 

This is one of the most recently established sanitariums, having been erected 
about nine years ago by the exertions of Mr. Edward Thornton, Co mmi ssioner of Raul- 
pindi. It is situated on the top of a ridge, about 32 miles to the north of Raulpfndi. 
We made our observations on the southern side of the station. 


Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

33° 51' 0" 73° 22' 40" 7,260 feet. 


Observations: 1856, November 13. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 10, Pistor. Observers: Hermann and Adolphe. 


1856, November 13. 


h m s 

1) 6 42 1 

2) 6 48 25 

3) 6 57 41 

h in a 

4) 10 20 29 

5) 10 27 14 

6) 10 34 51 

7) 10 39 10 


Latitude and Time. 

Horizontal Circle. 
Sun, Upper Limb. 

A.M. 

O / // 

43 30 0 
45 24 55 
48 11 40 

P.M. 

O / // 

100 1 10 

101 16 55 
. 102 43 15 
103 26 20 


Vertical Circle. 


O / // 

38 7 30 
38 15 10 
38 21 10 


O / // 

20 24 10 
19 19 45 
18 2 30 
17 22 10 

11-7 C. 
53-1 Fahr. 


Barom. 


593-9 millim. 
23-382 inches. 


Temp, of Air 
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First Approximation. 


Calculated by Method I. 

For the first -approximation we use observations 3 


following corrections: 


3. 


and 7, for which we find the 

f 

7. 


/ / 


Refraction 

. — 0-9 

— 2-4 

Parallax 

. + 0-1 

4- 0-1 

Sun’s 'Semidiameter 

. — 16.1 

— 16-2 

Sum of Corr 

. — 16-9 

— 18-5 

o y 


O / 

3) h corr. = 38 4-3 

8 = — 

18 3-2 

7) h' corr. = 17 3-7 

8' = — 

18 5-8 


Latitude N 33° 51' -4 

Mean Noon (corr. for Equation of Time) ... 7 h 19 m 34 s . 


Second Approximation. 

The detail is given as example p. 128. 

Resulting Latitude N . . 

,, Mean Noon 


33° 51' 0" 
7 h 19 m 30 s 


Longitude. 

The Longitude is from the G. T. S. 

Meridian. 

Deduced from Altitudes of the Sun .... 49° 44' • 6. 
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b. TIBET. 

GROUP IX. 

GNARI KH6rSUM. 

STATION'S 65 to 73. 

Laptel. — Giiingul. — Gunsliankar. — Chako La pass. — Gartok. — D£ra. — fbi Gamin glacier. — Puling. — 

Nelong. 

No. 65. A Laptel, in GnAei Kh<5esum. 

This halting place, at the southern foot of the pass “ Batch. Lhiira”, leading from 
Johar to Gnari Khorsum, is several marches distant from every inhabited place. Halts 
are frequently made here, on account of the good pasturage and shrubs surrounding 
it on all sides. 

Nominally Laptel 'still belongs to British Karnaon; but the Chinese consider it 
already as their own territory, and treat it as dependent upon their government. 

We found a guard of Chinese soldiers here, whose vigilance, however, we managed 
to elude, though not without considerable difficulty. 1 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

30° 46' 20" 79° 52' 0" 14,304 feet. 

Observations: 1855, July 14. 

Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. 

Latitude and Time. 


1855, July 14. 

Horizontal Circle. 

Vertical Circle. 


Sun, Centre. 


h in a 

O / // 

0 / // 

1) 6 17 2 

270 36 30 

80 35 30 

2) 6 21 22 

277 14 0 

80 54 15 

3) 6 30 19 

290 31 0 

80 59 30 

4) 6 37 29 

300 24 45 

80 41 55 

5) 6 41 42 

305 50 15 

80 21 0 


1 See p. 18. 
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ASTRON OMXOAXi DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Barom. 


458-7 millim, 
18-060 inches. 


Temp, of Air 


f 21-2 C. 

| 70-2 Fahr. 


Calculated by Method III., from Observations 2, 3, and 4. 


Apparent Noon 7 h ^ 7 m 23“ 

0 / 

Culminating Altitude of Sun’s Centre, corrected for Refraction and Parallax 81 0-9 

Sun’s Declination . . + 21 47-2 

Elevation of the Equator 59 13-7 

Latitude N. . . 30 46-3 

Mean Noon (corrected for Equation of Time) . .’ 6 h 21 m 57 s 


We have no data for comparing the latitude -with previous observations. 

The longitude is deduced from bearings to peaks vest of MBum, which we could 
see from both places, and which we had fortunately succeeded in measuring before 
being interrupted by the Chinese. 

These hearings gave Laptel to be 2' 50" to the west of MiLum. 1 


No. 66. A Giungul, in GnAri Kh6rsum. 

We selected this place, at the junction of the Giungul river with the S&tlej, as 
a place of concealment for a few days, while awaiting the result of some negociations 
for permission to extend our journey. With these negociations we had charged Bara 
Mani, the cousin of our chief guide, whom we had for that purpose sent to the Chinese 
authorities at Daba. Our camp lay in an uninhabited and rarely frequented spot, 
that presented but few traces of vegetation. 

The small village of Giungul, which we passed nine days later, is half a day’s 
journey higher up the river, on its left bank. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green 

31° 14' 0" 79° 44' 40" 

Observations: 1855, July 21 and 22. 

Instruments: Theodolite 2, Jones; Chron. 2 ; Hypsom. 8, Geissler. Observer: Adolphe. 

1 The longitude could not he determined by the Mean Noon of the chronometer at Milum, as the chronometer 
had stopped between Milum and A' Lapt41. See p. 105. 


Height. 
13,420 feet. 
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Latitude and Time. 

1855, July 21. Horizontal Circle. Vertical Circle. 

Sun’s Centre. 

A..M. 



h 

111 

S 

O 

i 

a 

0 

/ 

H 

1) 

6 

8 

43 

358 

53 

0 

78 

34 

45 

2) 

6 

16 

36 

8 

5 

5 

78 

54 

52 

3) 

6 

26 

32 

20 

8 

0 

79 

21 

52 





p. 

M. 






h 

m 

S 

o 

/ 

a 

0 

/ 

// 

4) 

6 

34 

40 

30 

53 

45 

79 

22 

7 

5) 

6 

42 

35 

40 

34 

0 

78 

59 

10 

6). 

6 

54 

42 

52 

55 

0 

77 

54 

35 


■ ( 87 0 -18 C. = 471-5 millirn. 

H5T!0 "’- | 18-564 inches. 


Temp, of Air 


16-4 C. 
61-5 Fahr. 


A. Calculated by Method II., from Observation 1, and a corresponding Altitude, interpolated 
between Observations 5 and 6. 


Apparent Noon 

For the latitude, observation 3 was chosen. 

Refraction 

Parallax 

Sun’s Declination . 

Latitude N. (A) 


6 h 28™ 12 s . 


— 0-1 

-f 0-1 

+ 20 36-5 
31 14- 5 


B. The latitude was also deduced from Observations 3, 4, and 5, by Method III., with regard 
to the variation of the sun’s declination. 


The results are: 

O / 

Altitude of the Sun, when culminating ... 79 23-3 

Refraction — 0'1 

Parallax + 01 

Apparent Noon 6 h 30“ 43 B 

Latitude N. (B) , 31° 13' -5 


The latitudes, calculated by two different methods, and from different observations, 
agree within 1'; a second approximation, therefore, is unneccessary. The final result 
for the latitude is the mean: 31° 14' -0 K 
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Longitude. 

h m s 

Mean Noon at Laptel, 1855, June 14 6 21 57 

Rate = V. = losing 2 s • 85, for 7 days .... '20 

Mean Noon at Laptel, reduced to June 21 . . 6 21 37 


Mean Noon at Giungul, July 21 6 22 6 

Meridional Difference in Time . 0 0 29 

Lapt61, East of Green 79 52 0 

Giffngul, West of Laptel 7 15 

Giungul, East of Green . 79 44 45 


No. 67. G-unshankIr, in Gnari Kh6rsum. 

This is one of the highest peaks in the range which separates the Indus from the 
SMej. The whole country surrounding the base of this range being of great elevation, 
the ascent of the peak offered no peculiar diffi culties. 

The slopes are so gentle, that we could ride up with our Tibetan horses to 
more than 19,000 feet, the greatest height reached by us on horseback. From here 
to the s ummi t we went on foot. Wild yaks are very numerous in these regions. 

The sky was perfectly clear, and the air of that beautiful transparency so charac- 
teristic of fine days in Tibet, and scarcely to be surpassed anywhere else. From the 
state of the atmosphere, the surrounding panorama was viewed by us with more than 
usual advantage; to the south, numerous peaks of the Himalaya range were visible 
from Nepal, to Spiti and Ladak; to the north, across the Indus, we saw the eastern 
part of the chain of the Karakorum, forming with its dark and less elevated peaks a 
striking contrast to the snow-clad Himalaya. The two chains were separated by 
the broad intervening valley of Tibet, in which the lakes Mansarauer and Kakus, and 
the courses of the Indus and S&tlej, could be distinctly seen and surveyed. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 23' 30" 80° 18' 0" 19,980 feet. 

Observations: 1855, July 29. 

Instruments: Theodolite 2, Troughton; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 



GROUP TX. GnIrI KH6RSUM:. 


219 


Latitude. 


1855, July 29. 

li m s 
1) 6 26 10 

2) 6 32 35 

3) 6 39 7 

4) 6 46 6 


Horizontal Circle. 

Sun, Centre. 

0 / // 

90 37 30 

97 26 30 
104 18 45 
111 43 45 


Vertical Circle. 

0 f // 

77 19 50 
77 18 30 
77 4 50 
76 34 35 


... ( 81° -18 C. = 372-0 millim. 

Hypsom. 1 

( 14 • 646 inches. 


Temp, of Air 


12-1 C. 
53-8 Fahr. 


Calculated by Method HI., with regard to the variation of the sun’s declination. 


Apparent Noon 6 1 * 24“ 25 s 

O / * 

Calculated Apparent Altitude of Sun’s Culmination 77 20-0 

Declination + 18 43-5 

Refraction — 0-1 

Parallax -f- 0-1 

Latitude N 3123-5 


The longitude is estimated from itinerary distances. Observations so near the 
culmination of the sun do not allow of a sufficient accuracy in the determination of 
time. The great distance we had to traverse before reaching our camp greatly 
limited us as to time. 


No. 68. Chako-La Pass, in Onabi Kh6rsum. 

This is the principal pass on the commercial road between the higher valleys of 
Johar and G-artok. It is crossed without any difficulty by pack-horses and laden 
sheep, and is situated on the high ridge, which, separates the valleys of the Indus 
and the S&tlej. The longitude is deduced from itinerary distances 1 . 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 23' 55" 80° 11' 0" 17,730 feet. 

1 In this case, and on several occasions during the two following months, when the chronometers 1 and 2 got 
out of order, the longitude was computed from itinerary distances. The respective parts of Captain Strachey’s map 
agree very well with our results in reference to the relative position of the different places ; hut the absolute 
longitudes found by us are, on an .average, 10 minutes more to the west. 


28 * 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Observations : 1855, July 30. 


Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler. Observer: Adolphe. 


1855, July 30. Vertical Circle. 


Sun, Upper Limb. 

, h m s o i a 

1) 6 27 6 77 24 15 

2) 6 31 33 77 25 30 

3) 6 32 42 77 16 15 


Hypsom. 


83° -15 C. = 402-5 millim. 
15-847 inches. 


Temp, of Air 


6-7 C. 
44-1 Fahr. 


Calculated by Method III. 

h m a 

Apparent Noon, deduced from Observations 1 and 3 6 29 25 

„ „ „ 2 and 3 6 29 25 

0 / // 

Observed Altitude, reduced 77 8-2 

Reduction to the Meridian + 7-9 

Altitude of the Sun, when culminating 77 16-1 

Sun’s Declination + 18 40-0 

Elevation of the Equator 58 36-1 

Latitude N 31 23-9 


No. 69. GArtok, in Gnari Kh6rsum. 

This place is the seat of the Chinese governor, or Garpon, of Gnari Khorsum, 
and one of the most important commercial entrepots of Central Tibet. It is situated 
near the confluence of the two principal branches of the Indus. 

A large fair is annually held at Gartok, in August, which is attended by the 
merchants of Central Asia, as well as by the Bhot-Rajputs and Bhutias, of the 
Himalaya, and during the trading season there is often an assemblage of several 
thousand people. 

Its great elevation, far above the limit of cereals, renders it uninhabitable in 
•winter; and the population at that time occupy villages a few marches lower down 
the valley of the Indus. 
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Latitude North. 
31° 40' 0" 


Geographical Co-ordinates. 

Longitude East Green. Height. 

80° 18' 25" 15,090 feet. 


Observations: 1855, July 28. 

Instruments: Sextant, Troughton ; Chron. 2 ; Hypsom. 8 , Geissler. Observer: Adolphe. 

Time and Longitude. 

The latitude adopted = 31° 40' '0 was deduced from itinerary distances. 

Preliminary Elements. 

Sun’s Declination = 8 = 19° 10 ' -4 

Const, sin 9 sin 8 . . . 0-1724 

log sec 9 sec 8 0-0948 


Refraction. 


— 1 ' 

b. 


Mean Noon at A Laptel, by Chron. 2 , July 14 6 21 57 

Rate = Y. = losing 2 8 -85, for 14 days 40_ 


Mean Noon at A Laptel, reduced to July 28 6 21 17 


Hypsom. 


85° -49 C. = 441-5 millim. 
17-382 inches. 


Temp, of Air 


14-2 C. 
57-6 Fahr. 


Calculation of the Single Observations. 
Time by Chron. 2 2 h 44“ 


Corr. Hour Angle of Sun 
calc, from each Altitude 


in Arc . 


in Time 


App. calc. Noon 

Equation of Time 

Mean Local Noon 

Mean Noon at A Laptel, red. to July 28 

Meridional Difference in Time 

„ in Arc 


2 h 44 m 21' 

2 h 47 m 44 s 

2 h 56 m 21 s 

38° 59-5 

39° 45-0 

41° 30 -0 

55 21-5 

54 28-5 

52 25 

h m 

3 41-4 

h m 

3 37-9 

h m 

3 29-7 

2 44-3 

2 47-7 

2 56-3 

6 25-7 

6 25-6 

6 26-0 

6-2 

6-2 . 

6-2 

6 19-5 

6 19-4 

6 19-8 

6 21-3 

6 21-3 

6 21-3 

1-8 

1-9 

1-5 

0 27-0 

0 28-5 

0 22-5 

79 52-0 

79 52-0 

79 52-0 

80 19-0 

80 20-5 

80 14-5 


3 h 3 m 23 s 

O / 

43 2-5 
50 36-5 

li m 

3 22-4 
3 3-4 
6 25-8 
6-2 
6 19-6 
6 21-3. 

1-7 
0 25-5 

79 52-0 

80 17-5 


The mean of the 4 different values,/ giving half the weight to the 3rd, is: 
Longitude East Green • • 80° 18' -4. 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


IsTo. 70. A DfRA, in GnIri Kh6rsum. 

An uninhabited place in winter, it is nevertheless regularly frequented in summer 
by the Tibetan shepherds, who bring their herds of sheep here, on account of the 
excellent pasturage. 

A Dira is situated in the broad valley of Mangnang, a few miles above the 
village of the same name. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 18' 55" ’ 79° 32' 40" 13,800 feet. 

Observations : 1855, August 7 and 8. 

Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Greissler. Observer: Adolphe. 


Latitude and Time. 


1855, August 7. 

h m 8 

1 ) 6 20 20 

2) 6 36 56 

3) 7 6 20 


Horizontal Circle. 
Sun, Centre. 

O / II 

6 7 10 
22 28 0 
46 24 15 


"Vertical Circle. 

O I II 

75 11 45 
75 11 52 
72 53 37 


Hypsom. 


86° -83 C. = 465-1 millim. 
18-311 inches. 


Temp, of Air 


j 22-4 C. 

( 72-3 Fahr. 


Calculated by Method I., from Observations 1 and 3. 


1) h corr. = 75 11-7 

3) ta. = 72 53-4 5 = »' = + 16 ° S7 '- £ ' 

Latitude N 31 ° 20'1 

Mean Noon (corrected for Equation of Time) 6 h 22 m 20 8 


Latitude and Time. 


1855, August 8. 

h m 8 
1) 6 12 18 

2) 6 30 11 

3) 6 57 26 


Horizontal Circle. 
Sun, Centre. 

O I II 

359 12 30 
15 2 15 
39 7 0 


Vertical Circle. 


O / II 

74 40 45 
74 56 50 
73 33 45 
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, T ( 86° -97 C. = 467-7 millim. 

HlpS0 "' ) 18-414 inches. 


Temp, of Air 


23-0 C. 
73-4 Fahr, 


Calculated by Method I, from Observations 1 and 3. 


1) h corr. = 74 40-6 
3) h' corr. = 73 33-4 


8 = 5' = + 16° 21'- 1 


Latitude N - 31° 17'- 8 

Mean Noon (corrected for Equation of Time) 6 h 21 m 50 s . 


Longitude. 

Mean Noon at A Laptel, 1855, July 14 6 h 21 m 57 s . 



Observations, 1855, Aug. 7. 

h m s 

Observations, 1855, Aug. 8. 

h m s 

Mean Noon at A Laptel 

6 21 57 

6 21 57 

Rate = V. = losing 2 s -85 

Mean Noon at A Laptel, reduced 

1 8 

1 11 

to the epoch of A Dira 

6 20 49 

6 20 46 

Mean Noon at A hira 

6 22 20 

6 21 50 

Meridional Difference in Time . . . 

1 31 

1 4 

A Laptel, East of Green 

O 1 II 

79 52 0 

O 1 II 

79 52 0 

A Dfra, West of A Laptel 

22 45 

16 0 

A Dfra, East of Green 

79 29 15 

79 36 0 

, Dlra, East of Green.: 79° 32' 

' 40", being the mean of 

the longitude obtained 


by the observations of August 7 and 8. 


No. 71. Ibi <t ai\tt n Glaciee, in GnIbi Kh6bsum. 

One of the largest glacier groups filling out the northern valleys of the massif 
of the Ibi Gamin. 

We first made observations at the lower end of the glacier, the detail of which 
is given under A. 

During our ascent of the glacier, we saw a star at daylight, which induced us 
to TYiftlra a second series of observations (B). The distance between A and B was 
half a day’s march, or about five miles. The longitude is deduced from our trigono- 
metrical angles. 
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Geographical Co-ordinates. 

A. At the lower end of the glacier. 

Latitude North. Longitude East Green. Height. 

30° 56' 10" 79° 19' 30" 16,910 feet. 

Observations: 1855, A. August 13 ; B. August 16. 

Instruments: Theodolite 2, Jones; Chron. 2; Hypsom. 8, Geissler; Barom. 6, Adie. Observer: Adolphe. 

A. Lower end of the Ihi Gramin glacier. 

Latitude and Time. 

1855, August 13. Horizontal Circle. Vertical Circle. 

Sun, Lower Limb. 


li m 8 

1) 6 32 21 

2) 6 38 48 


3) 6 44 52 

4) 7 7 17 


A. M. 

o I II 

64 50 30 
70 2 0 


P.M. 
o / // 

75 6 0 
92 16 30 


O I II 

73 39 45 
73 40 15 


o / // 

73 24 45 
71 32 40 


Hypsom. 


( 83°-98C. = 416-2 millim. . ( 12-0 C. 

1 16-386 inches. emp ' ° f Air j 53-6 Eahr. 

Calculated by Method I., from Observations 1 and 4. 

o / 

5 = S' = + 14° 52' -5 


1) 7i corr. = 73 55-3 
4) h' corr. = 71 48-3 


Latitude N 30° 56' -7 

Mean Noon (corrected for Equation of Time) 6 h 29“ 58 8 

By calculating the latitude with this mean noon we obtain as definitive result: 
Latitude N 30° 56'- 2; 

the coincidence of the results is at the same time the control of the observations. 


B. Live miles above the lower end of the Ibi Gamin glacier. 

During our ascent of the Ibi Gramin glacier, while resting on a small grassy plain 
on the left flanks of the old lateral moraine of the glacier, we saw, in the dark blue 
sky, besides the sun and the moon, the planet Venus, which was distinctly visible to 
the naked eye. 

The appearance of a star in full daylight took all our companions (Bhutias from 
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Johar) greatly by surprise; they, as well as the Tibetans, of whom we frequently 
made inquiries, assured us they had never before seen a star in the day time, 
a circumstance probably to be accounted for from the fact of their not having paid 
particular attention to the phenomena of the sky during the hours of daylight. 

Yenus is known to have been seen in Europe under similar circumstances, but 
this is a case of rare occurrence, and when seen, its visibility has been neither so 
perfect nor of so long duration as in the present instance, when the planet was clearly 
distinguishable for three consecutive days. 

The phase of Yenus was the Western Quadrature; its greatest brilliancy did not 
take place till August 25, 2 h p.m. Mean Greenwich Time. 

Throughout the whole of our travels, this was the only instance of Venus, or of 
any other star, becoming visible in the day time. 

Height and Azimuth of Yenus were: 


1855, August 16. Horizontal Circle. 

h ra s o / // 

7 1 33 205 18 49 

7 14 2 208 55 50 


Vertical Circle. 

o / n 

44 8 5 

45 53 55 


We also made observations of the sun, of which the following are the results: 




Point B. of Ibi Gamin glacier. 


Latitude and Time. 


1855, August 16. Horizontal Circle. Vertical Circle. 

Sun, Centre. 

A.M. 



h 

m 

s 

O / 

II 

O / II 

1) 

6 

35 

21 

256 34 

15 

72 55 7 





P.M. 




h 

m 

8 

o / 

1/ 

O / // 

2) 

6 

39 

38 

260 1 

0 

72 37 45 

3) 

6 

43 

22 

262 58 

30 

72 27 57 

4) 

7 

20 

3 

288 9 

30 

68 59 45 


_ ( 406-2 millim. 

Barom. 1 

( 15-993 inches. 


Temp, of Air 


13-3 C. 
55-9 Fahr. 


Calculated by Method I., from Observations 1 and 4. 


O / 

1) h corr« == 72 55*0 
4) h! corr. = 68 59*6 


S = V = + 13° 56-1 


I. 


29 
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Latitude N., of point B 30° 53' -1 

Mean Noon (corrected for Equation of Time) ... 6 h 40 m 28 s 


No. 72. PILING, IN G-nXri Kh6rsum. 

A small "village, on the commercial road from G&rhval to Gnari Khorsum, situated 
on the right side of an affluent of the S&tlej. 

The longitude is only an approximate one, deduced from itinerary distances. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 15' 30" 79° 15' 40" 14,207 feet." 

Observations: 1855, September 16 and 22. 

Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. Observer: Adolphe. ’ 

Latitude and Time. 


A. 

1855, September 16. 

1855, September 16. 

Horizontal Circle. Vertical Circle. 

h m a 

Sun, Centre. 

A.M. 

0 i // 

Olll 

1) 11 43 14 

26 11 45 

61 27 15 

h i 

n s 

r. m. 

O / II 

O 1 II 

2) 1 18 55 

71 2 30 

55 30 22 

3) 1 25 50 

73 17 0 

54 29 15 

4) 1 29 33 

74 40 0 

54 5 0 

Barom. ■ 

1 

| 461-5 millim. 

. Temp, of Air 

18-170 inches, * 

j 17-8 C. 
64-0 Fahr. 


Calculated hy Method I., from Observations 1 = I., and the mean of Observations 2, 3, and 4 = II. 


Ol O / 

I h corr. = 61 26-7 5=4-2 51-2 

II. h' corr. = 54 40-8 5' = 4 2 49-9 

Latitude N 31 ° 15'. 4 


Mean Noon (corrected for Equation of Time) ... . . 12 h 0 m 50 8 
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B. 1855, September 22. 

1855, September 22. Vertical Circle. 
Sun, Centre. 


1) 

2 ) 

3) 


h m b 

11 55 2 

12 0 49 
12 3 9 


59 9 0 
59 15 45 
59 16 7 


Barom. 


Temp, of Air 


18-1 C. ’ 
64 '6 Fahr. 


463-0 millim. 

18-229 inches. 

Calculated by Method III. 

i 

Apparent Noon, calculated from Observations 1 and 3 12 

ii ii ,, 2 and 3 12 


m b 

2 40 
2 40 


O / 

Caloul. Culminat. Altitude, corr. for Refraction and Parallax .... 59 15-8 


Sun’s Declination + 031-4 

Elevation of the Equator 58 44-4 

Latitude N., from September 22 31 15-6 

Latitude N., from September 16 31 15-4 

Latitude N. (Mean) . 31 15-5 


No. 73. Nelong Pass, in GnXri Kh6rbum. 

This pass, also known under the name of Sangkiok, is situated at the western 
extremity of GArhval. It is one of those high passes in the range which separates 
G-nari Khorsum from Garhval. The instruments were put up on the top of 'the pass. 
The longitude is deduced from itinerary distances. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 7' 30" 79° O' 40" 18,475 feet. 


Observations: 1855, September 19. 
Instruments: Theodolite 2, Jones; Chron. 2; Barom. 6, Adie. 


1855, September .19. 

h m s 

1) , 12 5 4 

2) 12 12 24 

3) 12 23 33 


Latitude and lime. 
Horizontal Circle. 
Sun, Lower Limb. 

O / II 

117 21 15 
120 21 37 
126 6 52 


Observer: Adolphe. 


Vertical Circle. 

O / // 

60 18 5 
60 13 45 
59 58 7 


29 * 
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_ ( 392-2 millim. . .. 6-3 C. 

Barom. \ „ . , Temp, of Air 

( 15-441 inches. ( 43-3 Fahr. 

Calculated by Method III. 

h m s 

Calculated Apparent Noon, deduced from Observations 1 and 3 . . 12 1 53 

„ „ „ . „ 2 and 3 . . 12 1 54 

Calculated Culminating Altitude of the Sun’s Centre, corrected for 

* Refraction, Parallax, and Semidiameter 60 34-2 

Sun’s Declination 1 41 ■ 7 

Elevation of the Equator 58 52 • 5 

Latitude N 31° 7' -5. 


GROUP X. 
LADAK 


STATIONS 74 to 83. 

Mud. — Tsomoriri. — Tsomognalari. — Lacha Lung pass. — Leh. — Paduni. — Dab. — Sasser pass.— 

Kargil.— Dras. 


No. 74. Mud, in Spin. 

This vas the first inhabited place still remarkably elevated, which I (Hermann) 
reached after two days’ march to the north of the Tari pass. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

31° 55' 35" 78° 1' 20" ' 12,421 feet. 

Observations: 1856, June 13. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 

Latitude and Time. 

1856, June 13. Horizontal Circle. "Vertical Circle. 

Sun, Lo-wer Limh. 

A. M, 

5 h 58 m I s 2° 27' 0" 79° 8' 30" 

P.M. 

7 h 50 m 22 s 110° 48' 32" 69° 4' 50" 
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Barom. 


k 482-8 millim. 

( 19-008 inches. 


Temp, of Air 


15-0 C. 
59-0 Fahr. 


Calculated by Method I. 


/ // 

Refraction — 0 7 

Parallax + 0 4 

■ Sun’s Semidiameter ..... . + 15 51 

Sum of Corr + 15 48 


/ // 

— 0 16 
+ 04 
+ 15 51 
+ 15 39 


h corr. = 79 31-6 
h' corr. = 67 41-7 


S = 5' + 23° 14' -7 


Latitude N. . . . . . . . 

Mean Noon (corrected for Equation of Time) . 


31° 55' -6 
6 11 25 m 15“ 


Mean Noon at Simla, by Chron. 3, 1856, May 15 

Rate = XIII. = gaining 1 8> 01 

Mean Noon at Simla, reduced to 1856, June 13 

Mean Noon at Mud, 1856, June 13 • 

Meridional Difference in Time • 


Simla, East of Green. 
Mud, East of Simla 
Mild, East of Green. 


h m s 
. 6 28 21 
+ 0 0 29 
7 6 28 50’ 
. 6 25 15 
. 0 3 35 

O / II 

.77 7 36 

. 0*53 45 
.78 1 21 



Meridian. 

Deduced from low, corresponding Altitudes of the Sun 


58° 35' -9. 


No. 75. Tsomoriri Salt Lake, in SpIti. . 

The observations of latitude, longitude, and declination were made on the right 
shore, near the southern end of the lake, in an uninhabited spot occasionally visited 
for pasturage. Its name is N&ma Bingbo, the long meadow. 

The observations of magnetic intensity were made eight miles to the north, at 
Korzok, the name of a fortified house, inhabited only in summer by shepherds. 
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Geographical Co-ordinates. 

Latitude North. Lbngitude East Green. Height. 

32° 45' 25" 78° 16' 36" 15,130 feet. 

Observations: 1856, June 21. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 


Latitude and Time. 

1856, June 21. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 


li m s 

1) 5 58 20 

2) 6 2 50 

3) 6 13 3 


A.M. 

o / // 

106 12 40 
111 54 40 
124 20 0 


Olll 

79 6 25 

79 37 25 

80 27 47 


h m b 

4) 6 55 54 

5) 7 0 58 


I. It. 

o / // 

177 53 0 
183 23 0 


O / // 

78 53 45 
78 3 8 


Barom. 


442-0 millim. 
17-402 inches. 


Temp, of Air 


17-5 C. 
63-5 Fahr. 


Calculated by Method III. 

‘ h ms 

Apparent .Noon, calculated from Observations 1 and 3 . . . 6 29 9 
» » „ 2 and 3 . . . 6 29 9 


Calculated Culminating Altitude of the Sun’s Upper Limb 
Correction of Sun’s Semidiameter, Refraction, and Parallax 

True Culminating Altitude 

Sun’s Declination 

Elevation of the Equator \ 

Latitude N 


o in 

80 58 19 
— 15 49 
80 42 30 
+ 23 27 34 
57 14 56 
32 45 4 


Longitude. 

The apparent noon = 6 h 29 m 9 s is only to be considered as an. element of cal- 
culation, not as a result. 

For deducing the longitude, we calculated the time from' lower altitudes. 
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h m s 

Mean Noon at Simla, by Chron. 3, 1856, May 15 . . . 6 28 21 

Rate = XIII. = gaining I s - 01, for 37 days + 37 

Mean Noon at Simla, reduced to 1856, June 21 .... 6 28 58 ' 

Mean Noon at lower end of Tsomorfri 6 24 22 

Meridional Difference in Time 436 

0 111 

Simla, East of Green 77 7 36 

Lower end of Tsomorfri, East of Simla 1 9 0 

Lower end of Tsomorfri, East of Green 78 16 36 


Meridian. 

During the adjustment of the declinometer in the afternoon, the theodolite got 
out of order, and had to be put up again. The meridian was found by the transit 
of Antares (a Scorpii) 112° 11 ■ 4. 


No. 76. TsOMOGNALABf, THE GeEAT SALT LAKE, IN THE DlSTBICT OE PANGKONG. - 

This great salt lake is divided into two parts, communicating with each other by 
a comparatively narrow channel. 

The part of the lak e east of the junction is fresh water, or nearly so, and shallow; 
the western part, somewhat deeper, is very brackish. 

My ins truments (Hermann) were put up near Takung, a location for Shepherds on 
the left shore. The total length of the lake exceeds 40 miles, and its general direction 
is east to west as far as Takung, from whence to the lower end it takes a north- 
westerly turn. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

33° 39' 50" 78° 38' 30" 14,010 feet. 

We have no exact data for comparison. 

The longitude was estimated from distances referred to Tsomorfri, the high 
altitudes observed not giving sufficient accuracy for the determination of time. 

Observations: 1856, July 2. 

Instruments: Theodolite 2, Jones; Chron. 3; Barom. 1, Greiner. Observer: Hermann. 
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1856, July 2. 

Latitude and Time. 

Horizontal Circle. Vertical Circle. 

h m s 

Sun, Upper Limb. 

A.M. 

O / // 

0 1 II 

1) 5 56 51 

28 28 40 

77 43 25 

2) 6 6 21 

37 35 50 

78 42 55 

h m s 

F.M. 

0 1 II 

0 / II 

3) 6 51 58 

89 51 20 

78 30 30 

4) 6 56 3 

94 0 5 

78 7 0 

5) 6 59 52 

97 26 50 

77 39 55 

( 456-8 millim. „ . . 

f 18-1 C. 

Barom. ] Temp, of Air 

17-984 inches. 

| 64- 6 Eahr. 


Calculated by Method II., from corresponding Altitudes. 


li m s 

Apparent Noon, deduced from 1, 2, and 3, including the variation of the Sun’s Declination 6 28 10 


Equation of Time 3 30 

Mean Noon (corrected for Equation of Time) 6 24 40 


hor the determination of the latitude, the mean was taken from observations 3, 


4, and 5. 


At 6 U 55“ 58 s ’ 78° 5' 48" Vertical Circle. 


h m s 

Time by Chronometer 3 6 55 58 

Apparent Noon 6 28 10 

Apparent Local Time 0 27 47 

Altitude of the Sun 78 5-8 

Sum of Corr . — 16*0 

True Altitude of the Sun 77 49-8 

Latitude N 33 39-8 


Meridian . 

Deduced from low, corresponding Altitudes of the Sun 62° 46' *5 


No. 77. LXcea L tog Pass, in Spin. 

This is one of the higher passes, on the road from Lah61 to Ladak. It is 
situated several days’ march distant from inhabited places. 
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Latitude North. 
33° 3' 50" 


G-eograjoMcal Co-ordinates. 

Longitude East Green. Height. 

77° 35' 35" 16,750 feet. 


Observations: 1856, June 23. 

Instruments: Theodolite 1, Jones; Chron. 2; Barom. 5, Adie. Observer: Robert. 


1856, June 23. 


Latitude and Time. 

Horizontal Circle. 
Sun, Lower Limb. 


"Vertical Circle. 


1) 2 42 20 

2) 2 57 18 

3) 3 6 21 

4) 3 13 27 

5) 3 21 13 

6) 3 28 28 

7) 3 34 55 

8) 3 41 26 


Barom. 


O I U 

21 46 45 

23 18 20 

24 18 45 

25 12 50 

26 12 0 
27 2 43 

27 54 55 

28 2 40 


413-6 millim. 
16-284 inches. 


Temp, of Air 


31 55 43 

35 1 5 

36 56 25 
38 22 55 

40 1 50 

41 35 43 

42 53 50 
44 14 35 

j 12-2 C. 

| 54-0 Fahr. 


Calculated by Method I., from Observations 1 and 8. 


Refraction 

Parallax 

Sun’s Semidiameter 
Sum of Corr 


— 52 

+ 7 

+ 15 46 
+ 15 1 


— 32 

+ 7 

+ 15 46 
-|- 15 21 


1) h corr. = 32 10-7 5 = ■+- 23 26-9 
8) h' . corr. = 44 29-9 5' = +• 23 26-9 

Latitude N 33° 3' -8 

Mean Noon (corrected for Equation of Time) 7 h 3 111 39 s 


Calculated Apparent Altitude at 3 h 6“ 21* 

Observed Altitude 

Calc. — Ohs; 


36 57-1 
36 56-4 
+- 0 0-7 


I. 


30 
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No. 78. Leh, in Ladak. 

This important town, the capital of Ladak, is the principal place in Western Tibet. 
It is situated on the right side of the Indus, three miles distant from the river. 
An extensive trade between India and Central Asia is carried on through Western 
Tibet, of which Leh is the great entrepot During our stay we occupied a native house 
with an extensive walled compound, at the lower end of the town. We also erected 
an observatory, which we left, during our travels in Turkist&n, in charge of our native 
doctor Harkishen and his assistant Nam Singh. 1 2 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

34° 8' 21" 77° 14' 36" 11,527 feet. 

Observations and Instruments, 1856. A. Latitude from Polaris, July 10 (Theodolite 4, Pistor), and 
September 16 (Theodolite 1, Jones). B. Latitude from Altitudes of the Sun, September 17 (Theodolite 2, 
Jones). Chron. 3; Barom. 1, Greiner, and 8, Pistor. Observers: Hermann and Eobert. 

For the latitude, we give the preference to observations of Polaris. With respect 
to the chronometric longitude, we may mention here how well chronometer 3 kept 
its rate during our journeys in Western Tibet. 

We have the following data for comparison: Colonel Waugh’s map of the Panjab 
(1854) agrees very well for the latitude, but it makes the longitude more than 
20' farther to the east ; Moorcroft had found, by observations with the sextant, 
latitude N.* 34° 9' 21"; Cunningham gives 3 latitude N. 34° 9' 7", longitude E. Grr. 
77° 59' 3". 


A. Latitude by Polaris. 

First Observation. 

1856, July 10. Altitude of Polaris. 

5 h 43 m 27 s 33° 54' 58" 

1 See p. 26. The details of the corresponding Magnetic Observations are contained in part III. of this volume. 

2 Asiatic Journal, 1825, Vol. X., p. 687. 

3 “Lad&k”, London, 1854, p. 422. The data, however, on which he bases the latitudes and longitudes con- 
tained in his book, are wanting. 
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h m 6 

Time by Chronometer 17 43 27 

Mean Noon . , 6 29 24 1 

Mean Local Time . . . ; 11 14 3 

Approximate Longitude 5 10 0 

Mean Time at Green 6 4 3 

Sidereal Time at Mean Noon Green 7 18 19 

Acceleration of Fixed Stars + 1 0 

Approximate Longitude 5 10 0 

Sidereal Time at Leh 18 33 22 


O / 

Observed Altitude of Polaris, corrected for Refraction 33 54-1 

First Term from the Tables for Polaris + 11-6 

Second Term „ „ „ -f- 0- 7 

Third Term „ „ „ + 1*1 

Latitude N 34 7-5 


Barom. 


499-9 millim. 
19-681 inches. 


Temp, of Air 


14-9 C. 
58-8 Fahr. 


Second Observation. 

1856, September 16. Altitude of Polaris. 

4 h 26 m 50 s 35° 2' 14" 

k m s 

Time by Chronometer 16 26 50 

Mean Noon, from observed Altitudes of the Sun 6 29 27 

Mean Local Time. . . . . 9 57 23 

Approximate Longitude 5 10 0 

Mean Time at Green 4 47 23 

Acceleration of Fixed Stars + 48 

Approximate Longitude + 5 10 0 

Sidereal Time at Mean Noon Green * 11 42 28 

Sidereal Time at Leh 21 40 89 

o / 

Observed Altitude of Polaris, corrected for Refraction 35 2 • 7 

First Term from the Tables for Polaris — 54-7 

Second Term „ „ „ + 0-5 

Third Term „ „ „ + 0-7 

Latitude N. 34 9-2 


Mean of Latitudes, deduced from the 2 Observations of Polaris .... 34° 8' 21". 
This is the latitude we adopt as the most correct. 


1 Mean Noon, deduced from Altitudes of the Sun, July 11 (see p. 100). 

30* 
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B. Latitude by Observations of the Sun. 


1856, September 17. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 


A.M. 



h m s 

0 / u 

O / II 

1) 

1 42 37 

212 56 0 

17 49 42 

2) 

1 58 11 

215 20 50 

20 59 54 

3 ) 

2 10 43 

217 21 27- 

23 30 49 

±) 

2 20 48 

219 0 37 

25 31 9 

5 ) 

2 31 21 

220 50 43 

27 33 54 

3 ) 

2 41 46 

222 37 30 

29 36 44 

7 ) 

2 46 33 

223 27 50 

30 33 59 

8 ) 

2 50 51 

224 18 20 

31 23 54 

9 ) 

2 55 36 

225 12 20 

32 19 9 

10) 

2 59 '7 

225 50 10 

82 59 4 



5. M. 



h m s 

O / // 

0 / II 

11) 

10 41 21 

190 33 20 

22 31 14 

12) 

10 46 18 

191 18 50 

21 30 54 

13) 

10 50 52 

192 2 43 

20 35 39 

14) 

10 54 38 

192 38 50 

19 50 34 

15) 

10 58 39 

193 20 10 

19 0 54 

16) 

11 6 1 

194 28 3 

17 36 22 

17) 

11 9 39 

195 0 10 

16 45 34 


Barom. 


502-0 millim. 
19-764 inches. 

i 


Temp, of Air 


24-0 C. 
75-2 Fahr. 


Calculated by Method I, from the means of observations 6 to 10 = 


observations 11 to 17 = II. 

Time. 


Vertical Circle. 

> — i 

II 

£ 

$ 

>■ 

k 

h m s 


O / // 

at 2 50 46 


31 22 34 

II. = Mean p.m. 

at 10 55 21 


19 41 36 



I. 

II. 



/ 

// / // 

Refraction . . . 


1 5 

! — 1 46 

Parallax .... 

+ 

0 . i 

r +08 

Semidiameter . 

...... — 

15 58 — 15 58 

Sum of Corr. . . — 

16 53 — 17 36 


I., and of 
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O / // 

I. h corr. = 31 5 41 


o / U 

= + 2 13 55 


II. Ji' corr. = 19 24 O’ S' = + 2 6 6 

Latitude N 34° 5' 33" 

Mean Noon (corrected for Equation of Time) ... 6 h 29™ 31 s . 


Second Approximation. 

Comparison of the single observations with the elements obtained by the first 
approximation. 



ASTRONOMICAL DETERMINATIONS OE LATITUDES AND LONGITUDES. 



Time by Chronometer ... l h 42 m 37» l h 58 m ll a 2 h 10 m 43 8 2 t 20 m 48 a 2 h 31 m 21 8 2>‘41 m 46 8 2 h 46 m 33» 

Mean Noon ....) from 1st 6 h 29 m 31 8 6 h 29“31» 6 h 29 m 31» 6 h 29 m 31 s 6 h 29 m 31 s 6 h 29 ra 31 8 6 h 29 m 31 8 


Mean Local Time ) Approx. — 4 h 46 m 54 8 — 4 h 31 m 20 B — 4 h 18 m 48 8 — 4 h 8 m 43 8 — 3 h 58 m 10 8 — 3 h 47 m 45 8 — 3 h 42 m 58 8 

Equation of Time + 5 m 33 8 + 5 m 33 8 + 5 m 33 9 + 5 m 33 E + 5 m 34 9 + 5 m 34 8 + 5 m 34 9 

Hour Angle in Time .... — 4 h 41 m 21 8 — 4 h 25 m 47 8 — 4M3 m 15 8 — 4 h 3 m 10 8 — 3 h 52 m 36 s — 3 h 42 m ll 9 — 3 h 37 m 24 9 

Hour Angle in Arc = t .. . 70°20'-3 66°26'-8 63°18'-8 60°47'-5 58° 9' -0 55°32'-8 54°21'*0 

8 (Sun’s Declination) . .... + 2°14'-9 + 2°14'-7 + 2°14'-5 N- 2°14'-3 + 2°14'-1 + 2°14'-0 — 2°13'-9 


+ 0-02199 +0-02195 +0-02192 +0-02189 +0-02186 +0-02183 +0-02182 
+ 0-27842 +0-33068 +0-37164 +0-40380 +0-43667 +0-46816 +0-48229 


sin <p sin 8 , . . . 
cos <p cos 8 cos t 


Sum = sin . . 0-30041 0-35263 0-39356 0-42569 0-45853 0-48999 


0-50411 


h (True Altitude of the Sun’s 

Centre) 

Refraction 

Parallax 

+ Sun’s Semidiameter . . . 
Calculated Observation . . . 
Direct Observation 

Calc. — Obs 



17° 28' -9 20° 38' 

•9 

23° 10' 

•6 

25° 11' 

• 6 


27° 17'- 5 

29° 20' -4 


30° 16' 

+ 

l'-9 + 1' 

•8 + 

1' 

•4 + 

1' 

• 3 

+ 

l'-2 + 

l'-l 

+ 

1' 

— 

0'-l — 0' 

•1 — 

0' 

•1 — 

0' 

•1 

— 

0'-l — 

0'-l 

— 

0' 

+ 

15'- 9 + 15' 

•9 + 

15' 

-9 + 

15' 

•9 

+ 

15'- 9 — 

15'-9 

+ 

15' 


17° 46' -6 20° 56' 

■5 

23° 27' 

■8 

25° 28' 

■7 


27° 34'- 5 

29° 37'- 3 


30° 33' 


17° 49' -7 20° 59' 

•9 

23° 30' 

■ 8 

25° 31' 

•1 


27° 33'- 9 

29°36'-7 


CO 

CO 

o 

o 

CO 

— 

3'- 1 — 3' 

•4 — 

3' 

•0 — 

2' 

•4 

+ 

O'- 6 + 

O'- 6 

— 0' 



GROUP X. LADAK. 


2 h 50 m 51 8 2 h 55 m 36 8 2 h 59 m 7 8 10 h 41 m 21 8 10 h 46 m 18 8 10 h 50 m 52 8 10 h 54 m 38 8 10 h 58 m 39 8 ll h 6 m I s ll h 9 m 39 
6 h 29 m 31 8 6 h 29 m 31 8 6 h 29 m 31“ 6 11 29 m 31 8 6 b 29 m 31 8 6 h 29 m 31 8 6 h 29 m 31 8 6 h 29 m 31 8 6 h 29 m 31 8 6 b 29 m 31 


— 3 h 38 m 40 8 — 3 h 33 m 55 8 — 3 u 30 m 24 8 +4 b ll m 50 8 +4 h 16 m 47 8 +4 h 21 m 21 8 +4 b 25 m 7 8 +4 b 29 m 8 s +4 h 36 m 30 8 +4 b 40 m 8 
+ ' 5 m 34 8 + 5 m 34 8 + 5 to 34 8 + 5 m 41 8 + 5 m 41 8 + 5 m 41 8 + 5 m 42 8 + 5 m 42 8 + 5 m 42 s + 5 m 42 


— 3 b 33 m 6 8 — 3 h 28 m 21 8 — 3 b 24 m 50 8 +4 h 17 m 31 8 +4 h 22 m 28 8 +4 h 27 m 2? +4 h 30 m 49 8 +4 h 34 m 50 B +4 h 42 m 12 8 +4 b 45 m 50 

53°16'-5 52° 5'-3 51°12'-5 64°22'-8 65°37'-0 66°45'-5 67°42'-3 68°42'-5 70°33'-0 71°27-5 

+ 2°13'-8+ 2°l3'-8+ 2°13'-7+ 2° 6'-4+ 2° 6'-3+ 2° 6'-2+ 2° &■!+ 2° 6'-l+ 2° 6'-0+ 2° 5-9 

+ 0-02181 +0-02180 +0-02179 +0-02060 +0-02059 +0-02057 +0-02056 +0-02055 +0-02053 0-02052 

+ 0-49483 +0-50845 +0-51843 +0-35784 +0-34167 +0-32657 +0-31396 +0-30051 +0-27557 0-26316 


0-51664 0-53025 0-54022 0-37844 0-36226 0-34714 0-33452 0-32106 0-29610 0-28368 


31° 6'- 
+ O'- 


+ 15'- 


31°23' 


— 0'-8 - 


32° 1'- 


32° 41' -9 22° 14' -2 21° 14'- 3 20°18' 


32° 18' 


32° 19' 


9+ O'- 8+ l'-3 + 1'- 

1— O' - 1 — O'- 1 — O'- 

9+ 15'-9 + 15' -9 + 15'- 

0 32° 58' -5 22° 31' -3 21°31'- 

1 32° 59' -1 22°31'-2 21°30'- 


3 20° 18'- 7 19°32'-6 18°43'-6 17°13'-4 16°28'-8 

4+ l'-4+ l'-5 + l'-6+ l'-7 + l'-8 

1 _ O'- 1 — 0 ' - 1 — O'- 1 — O'-l — O'-l 

9+ 15'- 9 + 1 5' - 9 + 15'-9 + 15'-9+ 15'-9 


20° 35' -9 19°49'-9 19° l'-0 17°30'-9 16°46'-4 
20° 35'- 7 19° 50' -6 19° 0'-9 17°36'-4 16°45'-6 


l'-l— O'- 6+ O'-l + O'- 6 + 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


In the present case, the importance of the object required particular care in the 
deduction of the final results; therefore, the differential equations for each single 
observation -were formed by the method explained, instead of simply taking the means 
of “Calc. — Obs.” for the groups a.m. and p.m. The observations in general agree very 
well with each other, with the exception of No. 16, which has consequently been excluded. 

We obtain the following sixteen differential equations, which are to be treated 
by the method of least squares: 1 

1) 0 = — 0-491 — 9-216 d< p -f 9-912 dt 

2) 0 = — 0-531 — 9-313 dp + 9-909 dt 

* 3) 0 = — 0-477 — 9-379 dp ■+■ 9-905 dt 

4) 0 = — 0-B80 — 9-425 dp + 9-902 dt 

5) 0 = + 9-778 — 9-473 dp + 9-898 dt 

6) 0 = + 9-778 — 9-505 dp -f 9-893 dt 

. . 7) 0 = — 9-845 — 9-533 dp -f 9-891 dt 

8) 0 = — 9-903 — 9-551 dp + 9-890 dt 

9) 0 = — 0-041 — 9-568 dp + 9-888 dt 

10) 0 = — 9-778 — 9-579 dp + 9-881 dt 

11) 0- = 4- 9-000 — 9-358 dp — 9-907 dt 

12) 0 =• + 9-778 — 9-332 dp — 9-908 dt 

13) 0 4- 9-301 — 9-306 dp — 9-909 dt 

14) 0 = — 9-845 — 9-285 dp — 9-910 dt 

15) 0 = + 9-000 — 9-260 dp — 9-911 dt 

17) 0 = -f- 9-903 — 9-186 dp — 9-913 dt 

The final equations, which we obtain from these sixteen, are: 

A. 0 = + 0-498 + 0-059 dp — 0-132 dt 

B. 0 = — 1-081 — 0-132 dp + 1-008 dt 

In all these equations the co-efficients are logarithmical, and the equations cal- 
culated so that the last decimal is exact. The solution of these equations, after 
reducing the sum of the squares of errors to a minimum, gives as values: 

dp = — l'-6 

dt = + l'-0; dT = — 4 s -0; 

therefore, 

Latitude N. = p 34° 3' -9 

Mean Noon — T . ■ 6 h 29“ 27 s . 

1 The values “Calc. — Obs.” are not multiplied with cos h , but the co-efficients of dq> and dt have been divided 
by cos h. 
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The probable error of 9 is five times greater than the probable error of T, which 
does not exceed one minute of arc, and, therefore, gives the time with a correctness 
most valuable for the chronometrical longitude. 


• Longitude. 

h m s 

Mean Noon at Simla, by . Chron. 3, 1856, May 15 6 28 21 

Rate = XIII. = gaining I s -01, for 94 days 1 34 

Mean Noon at Simla, reduced to 1856, September 17 6 29 55 

Mean Noon at Leh, 1856, September 17 6 29 27 

Meridional Difference in Time 0 0 28 

Simla, East of Green 77 7 36 

Leh, East of Simla. 0 7 0 

Leh, East of Green. . . .' 77 14 36 


Meridiem, 

a. 1856, July 18. 

By the passage of Ant ares, at about 9 h p.m. Local Time 135° 36' -2. 

b. 1856, September 30. 

The theodolite had been removed after the observations of September 17, and 
was put up again for the determination of the meridian. 

We obtained by the passage of Fomalhaud , at about 10 h p.m. Local Time . . 225° 15'- 6. 


No. 79. Pimm, ix Tsanskar. 

This small village is the chief place of T sanskar, situated on the left side of the 
Tsanskar river, in a broad valley, which, though well cultivated, is nearly devoid of 
trees. A fort built of unburnt bricks stands near the village. 

The latitude and longitude is estimated from itinerary distances. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

33° 28' 0" 76° 54' 15" 11,590 feet. 

Meridian. 

Deduced from low, corresponding Altitudes of the Sun, 1856, June 25 . . . 27° 10' -2. 


I. 


31 
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ASTRONOMICAL DETERMINATIONS OE LATITUDES AND LONGITUDES. 


No. 80. Dah, in LadjCe. 

The road from Leh to Skardo leads through this village, -which is situated on 
the right side of the Indus. It is one of the numerous small villages -which are 
found along the Indus valley; they are generally separated by tracts of uncultivated 
ground. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

34° 32' 35" 76° 25' 5" 9,690 feet. 

Observations: 1856, July 6. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe? 


Latitude and Time. ' 

1856, July 6. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

' A.M. ■ 

1» m ss o / // o i n 

1) 4 18 22 141 12 40 59 0 40 

2) 4 23 11 142 16 9 59 57 50 

3) 4 29 > 1 143 39 40 61 8 12 

4) 4 32 36 144 34 30 ■ 61 48 15 

P.M. 

k m a o I II Oil/ 

5) 10 33 37 311 14 20 36 32 45 

6) 10 43 16 312 29 40 34 33 55 


Barom. 


544-1 millim. 
21-432 inches. 


Temp, of Aii- 


21 -6 C. 
70-9 Fahr. 


Calculated by Method I. 


We- use for the calculations the means of 1, 2, 3, 4 = I, and of 5 and 6 — II, 
and give to observation 1 threefold weight, since it was marked as particularly 
good in the manuscripts of observation. 

h m s o / // 

I. = 4 23 19 59 59 23 

II. = 10 43 16. 34 33 55 


I. II. 

i n i a 

Refraction — -22 — 58 

Parallax -f 4 + 7 

Sun’s Semidiameter. . — 15 46 — 15 46 

Sum of Corr. . . • — 16 4 — 16 37 
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O / O t ■ 

I. h corr. = 59 43-3 S = + 22 41-9 

II. h' corr. = 34 17-3 S' = + 22 40-3 

Latitude N 34° 32' -6 


Mean Noon (corrected for Equation of Time) . . 6 1 * 26“ 43 s 

Control. 

O / 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 4 h 29“ I s . . 61 7 • 6 


Observed Altitude 61 8-2 

Calc.— Obs — o-6 

Longitude . 

li m s 

Simla, May 15, Mean Noon by Chron. 1. 62521 

Rate = X. = losing I s • 7, for 52 days — 1 28 

Mean Noon at Simla, reduced to July 6 6 23 53 

Mean Noon at Dah . 6 26 43 

Meridional Difference 2 50 

Simla, East of Green . 77 7-6 

Dah, West of Simla 0 42-5 

Dah, East of Green 76 25-1 


We have no exact data for comparison. 


No. 81. SlesBB Pass, in NtJbea. 

The summer route from Ladak to Yarkand leads over this pass, which is situated 
in one of the greatest accumulations of glaciers we met with in this part' of Tibet. 

It is the most difficult of all passes between Ladak and Turkistan; the track is easily 
discoverable, as it is strewn over its whole length with the skeletons of beasts of burden 
that have been exhausted with fatigue, and have dropped by the way. 

We placed our instruments on the broad snow-covered top of the pass itself. 

The stands were well secured against sinking unequally in the snow. In all 
similar instances we were able to preserve the proper level by placing, the legs upon 
a solid foundation of stones. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

77° 27' 35" 17,753 feet. 

31* 


35° 6' 0" 
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ASTRONOMICAL DETERMINATIONS OE LATITUDES AND LONQ-ITUDES. 


Observations: 1856, August 2. 

Instruments: Theodolite 2 , Jones; Chron. 3; Hypsom. 5, Geissler. Observer: Hermann and Robert. 


1856, August 2. 


Latitude and Time. 
Horizontal Circle. 
Sun, Upper Limb. 


"Vertical Circle. 


P.M. 



h 

m 

a 

0 

/ 

n 

O 

/ 

n 

1) 

11 

17 

7 

9 

5 

40 

26 

1 

43 

2) 

11 

20 

29 

9 

31 

32 

25 

18 

8 

3 ) 

11 

23 

44 

9 

57 

40 

24 

30 

45 

4 ) 

11 

26 

2 

10 

16 

15 

24 

0 

43 

5 ) 

11 

29 

11 

10 

41 

20 

23 

21 

43 

6) 

11 

31 

28 

11 

0 

15 

22 

53 

18 


Barom. 


387 • 6 millim. 
15-260 inches. 


Temp, of' Air 


2 u 5 7 m 12“ 


B. Polaris. 
275° 54' 50" 


12-4 C. 
54-3 Faliv. 


34° 26' 0" 


. 82°-74 C. = 396-0 millim. ( 6-1 C. 

Hypsom. j ■ Temp, of Air 

15-591 inches. 43-0 Fahr. 


Latitude. 

The latitude was obtained from the altitude of Polaris, an approximation for 
time having been previously calculated from the series of observations of the sun. 

Resulting Latitude N, 35 ° 6 '. 


Longitude. 

For calculating the time, the mean of the observations of the sun was introduced 
= IP 24“ 40 s ; 


h 


u / 

04 . 9 1 . 0 

Refraction 


1 . 1 

Parallax 

4 - 

0-1 

Sun’s Semidiameter 


15. 8 

h corr. . 

- 

04. A - 9 

5 ........... . 


17 40*9 



GROUP X. LAdIk. 


245 


h m s 

Hour Angle of the Sun . . 4 50 22 

Time by Chronometer 11 24 40 

Apparent Noon 6 34 18 

Equation of Time . 5 57 

Mean Noon 6 28 21 

Mean Noon at Simla, May 15 6 28 21 

Rate = XIII. = gaining I s -01, for 79 days ' . . + 1 20 

Mean Noon at Simla, reduced to August 2 6 29 41 

Mean Noon at Sasser pass 6 28 21 

Meridional Difference in Time 1 20 

Simla, East of Green 77 7 - 6 

Sasser, East of Simla .’ . 20-0 

Sasser, East of Green 77 27-6 

We have no data for comparison. 

Meridian. 

Deduced from the Altitudes of the Sun 274° 46' -5. 


Nos. 82 and 83. KArgil and Dras. 

Both these villages belong to the Tibetan province of Dras. 

Kargil, the chief place of the province, is situated on a terrace upon the left 
side of the Kartse (Suru) river ; Dras, though a small village, is of political importance, 
and is protected by a strong native fort. 

The two places lie on the road which leads from Ladak to Kashmir. Complete 
observations of magnetic intensity were made at each station; we, therefore, give their 
latitudes and longitudes, as we estimated them by itinerary distances from Srin&gger. 


KArgil. 

Latitude North. Longitude East Green. Height. 

34° 30' 0" 76° 4' 2" 8,845 feet. 

Meridian. 

Erom the passage of FomaThaud, 1856, October 10 210° 15'- 0. 

Dras. 

Latitude North. Longitude East Green. Height. 

34° 28' 0" 75° 43' 5" 9,951 feet. 
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ASTRONOMICAL DETERMINATIONS OP LATITUDES AND LONGITUDES. 


Cunningham gives in “Ladak", p. 476, latitnte 1ST. 34° 23' 49"; for the longitude 
the same number is repeated by mistake. 


GROUP XI. 

BALTI AM) HASOKA. 

STATIONS 84 to 92. 

Hueke. — Chork6nda glacier.— A Shinchakbi. — Tso-Ka.— Askoli. — Ohutrdn. — Shigar. — Skardo. — 

Tasking. 


hTo. 84. Husi-ug, in BIlti. 

This small village is situated in the valley of the Ohetanga river, on a terrace 
above its present level. 

The river is a tributary of the Shay ok, and flows into it from the right, nearly 
opposite Kapalu. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

35° 33' 30" 76° 35' 20" 10,440 feet. 

Observations: 1856, July 14. 

Instruments: Theodolite 3, Troughtou; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

A. Altitudes of the Sun. 


1856, 

, July 14. 

Latitude and Time. 

Horizontal Circle. 

Vertical Gird 


li m s 

Sun, Upper Limb. 

A..M. 

0 / It 

0 /II 

1) 

4 7 54 

339 34 15 

55 20 30 

2) 

4 16 38 

341 31 0 

57 4 20 

3) 

4 24 9 

343 18 20 

58 32 35 

4 ) 

4 46 59 

349 20 0 

62 55 55 

5) 

4 54 38 

351 44 55 

64 20 10 


li an s 

P.M. 

O 1 II 

w 

O / II 

6) 

9 54 40 

142 37 20 

44 48 55 

V 

10 1 29 

143 41 20 

43 25 45 

.8) 

10 6 9 

144 23 40 

42 28 20 

9 ) 

10 10 13 

145 0 40 

41 38 25 

10) 

10 1423 

145 -38 0 

40 47 30 
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Barom. 


523-0 millim. 
20-591 inches. 


Temp, of Air 


26-2 C. 
79-2 Fahr. 


Calculated by Method I. 


We use observation 4 = 1. (since observation 5 is marked, “doubtful” 1 in the original 
manuscripts), and the mean of observations 7, 8, 9, and 10 = 11. 


I. II. 

Refraction — 019 — 0 42 

Parallax 4- 4 + 6 

Sun’s Semidiameter — 15 46 — 15 46 

Sum of Corr. — 16 1 — 16 22 

I. h corr. = 62 89-9 8 == 4- 21 40-9 

II. U corr. = 41 48-6 8' = 4- 21 38 -8 


Latitude N 35° 36' -2 

Mean Noon (corrected for Equation of Time) 6 h 29 m 25 s 


Control. 

Calc. Appar. Altitude of the Sun’s Upper Limb at 4 h 57 m 38 B . . . 64 20-8 


Observed Altitude . 64 20-2 

Calc.— Obs 0-6 


B. Observations of Polaris. 


Barom. 


1856, July 14. 


523-2 millim. 
20-599 inches. 


Temp, of Air 


20- (j C. 
69-1 Fahr. 


Altitude of Polaris at 3 h 17 m 40 s 34 32 40 

Refraction — 56 

h corr 34 31 44 


Latitude N. 


35° 30' -7 


As resulting latitude we adopt the mean of both determinations: 

Latitude N 35° 33' -5 


1 The control, however, shows that it is correct. 
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Longitude. 

li m B 

Mean Noon at Shigar, by Chron. 1, 1856, August 5 6 32 44 

Mean Noon at Hushe, 1856, July 14 6 29 25 

Rate = XI. = 0 S -0 . . 0 0 0 

Meridional Difference in Time 0 3 19 

Shigar, East of Green 75 45-5 

Hhshe, East of Shigar 49-8 

Hushe, East of Green.. ... 76 35-3 


No. 85. 0hork6nda Glacier, above A Dond6ng, in BIlti. 

This was Adolphe’s ■ encamping place on the left side of the Chorkonda glacier. 
As high up as A Dondong, which is already far from every inhabited place, shrubs 
are to be seen; but beyond there is scarcely any sign of vegetation. 

The longitude is estimated from distances by Shigar. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. 

35° 33' 20" 75° 56' 0" 

Observations: 1856, July 24. 

Instruments: Theodolite 3, Troughton; Chron.: In this case he used 
for the intervals of Time, the Chronometer not being at hand at the 

Hypsom. 8, Geissler. Observer: Adolphe. 


Latitude and Time. 


1856, July 24. 

Horizontal Circle. 

Vertical Oir 



Sun, Upper Limb. 




A.M. 



li m s 

o / II 

O it! 

1) 

10 12 12 

210 42 0 

55 35 40 

2) 

10 23 29 

213 28 50 

57 46 30 

3) 

10 33 0 

215 59 15- 

59 35 0 

4) 

10 37 53 

217 23 30 

60 30 0 



r.M. 


5) 

h m s 

O 1 II 

O / // 

3 56 9 

8 12 0 

43 15 45 

6) 

4 1 21 


42 12 7 

7 ) 

4 5 28 

... 

41 20 25 

8) 

4 8 52 

10 12 20 

40 39 10 


his pocket watch, by Dent, 
moment of the Observation. 


Height. 
13,790 feet. 
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Hypsom. 


( 86° -46 C = 458-5 millim. 

18-052 inches. 

Calculated by Method I. 


Temp, of Air 


10-4 C. 
50- 7 Fahr. 


Time. 

b m 8 

I. — Mean a.m at 4 26 39 

II. = Mean t.m. at 10 2 57 


Vertical Circle. 


O / // 

58 21 48 
41 51 52 


I. II. 


Refraction 

Parallax 

Semidiameter . . . 
Sum, of Corr. 


/ // / // 

— 22 — 40 

~(— 4 *-f- 6 

— 15 47 — 15 47 

— 16 5 — 16 21 


I. Ti corr. = 58 5-7 8 = -f 19 51-8 
II. h' corr. = 44 35-5 S' = + 19 48-9 


Mean Noon (corr. for Equation of Time) . . 12 h 27 m 4 s 

Latitude N 35° 33' -3 


Control. 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 10 11 33 m 0 s .... 59 35-1 


Observed Altitude 59 35-0 

Calc.— Obs -(- 0-1 


The control shows that the single observations are so correct that a more 
minute calculation is unnecessary. 

Meridian. 

Deduced from the Altitudes of the Sun 283° 19'- 8 


No. 86. A Shinchakbi BiAng-a, in BAlti. 

An. uninhabited place, with shrubs and fine grass, situated on the left side of 
the lower pai't of the Mustak glacier. At this spot Adolphe made a halt on his 
way up the Mustak pass. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height 
35° 56' 35" 76° 0' 20" 13,553 feet 


Observations: 1856, August 25. 

Instruments: Theodolite 3, Trougliton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 
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ASTRONOMICAL DETERMINATIONS OT LATITUDES AND LONGITUDES. 


Latitude and lime. 

1856, August 25. Horizontal Circle. Vertical Circle. 
Sun, Upper Limb. 

A.M. 



i) 

in 

fit 

O 

! 

It 

O 

/ 

It 

1) 

4 

10 

50 

220 

0 

0 

49 

21 

55 

2) 

4 

18 

28 

221 

59 

50 

50 

41 

55 

3) 

4 

22 

36 

223 

8 

30 

51 

24 

50 





P.M 







h 

m 

S 

0 

/ 

n 

C 

> / 

a 

4) 

9 

5 

34 

344 

21 

40 

47 

39 

30 

5) 

9 

13 

31 

346 

14 

40 

46 

12 

35 

6) 

9 

18 

45 

347 

28 

10 

45 

14 

10 

7) 

9 

24 

7 

348 

40 

30 

44 

13 

50 

Barom. 

t 466- 
| 18 

9 millim. 

• 382 inches. 


Temp. 

of Air | 

O 

12 

54 

■4 C. 
•3 F; 


Calculated by Method I. 


For the calculation of the latitude we use the means of 1, 2, and 3 — I., and of 


4, 5, 6, and 7 = IL, giving to observation 6 double weight, since it was marked in the 
manuscripts as particularly good. 

Time. Vertical Circle. 


h ra s 

I. = Mean a. mc at 4 17 28 

II. = Mean p.m. at 9 16 8 


O l // 

50 29 13 
45 42 51 


I. II. 


/ 

Refraction — 0-8 

Parallax: . . -)- 0-1 

Sun’s Semidiameter — 15-9 

Sum of Corr. . , — 16-6 


— 1-0 
+ 0-1 

— 15-9 

— 16-8 


o / o / 

I. h corr. = 50 12*6 8 = -f 10 44-2 

II. h 1 corr. = 45 26-0 8' = + 10 3.9-9 

Latitude N 35° 5 6' -6 


Mean Noon (corrected for Equation of Time) . . . 6 h 31“ 45 s 


Controls. 

Calcul, Apparent Altitude of tlie Sun’s Upper Limb at 4 h 22 m 36 s ... . 51 23-1 

Observed Altitude 51 24-8 

Calc. — Obs. . ~ iTy 
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Calcul. Apparent Altitude of the Sun’s Upper Limb at 4 h 18 m 28 s .. . . 50 40-1 


Observed Altitude 50 41-9 

Calc.— Obs : — A fTs 


Longitude. 

h m s 

Mean Noon at Shigar, by Chron. 1, 1856, August 5 6 32 44 

Mean Noon at A ShincMkbi* Bianga, 1856, August 25 6 31 45 

Rate = XI. = 0 B -0 0 0 0 

Meridional Difference in Time ~0 0 59 

Shigar, East of Green 75 45-5 

A ShincMkbi Bianga, East of Shigar. 0 14-8 

A Shinch&kbi Bianga, East of Green 76 0*3 


No. 87. A Tso Ka, in BIlti. 

This small glacier lake is a periodical one, formed in summer by the melting 
of the ice oh the left side of the large Mustak glacier. 

Patches of. grass are to be found on the flanks of the mountains which skirt the 
lake, but the locality is beyond the limit of shrubs. 

A Tso Ka is on the way leading from Shigar across the Mustak pass to Turkistan. 
Adolphe here determined the dip only; ,we adopt: 


Latitude N 35 58 

Longitude 76 3 


referred to A Shinchakbi Bianga. Height of A Tso Ka: 15,724 feet. 


No. 88. Xskoli, in BIlti. 

The highest village in the Upper Brahaldo, or Kongma Brahaldo valley, situated 
on the right side of the Brahaldo river, an affluent of the principal river of Shigar. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

35° 41' 20" 75° 56' 0" 9,710 feet. 

Observations: 1856, August 14. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

32* 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


1856, August 14. 


Latitude and Time. 

Horizontal Circle. 
Sun, Upper Limb. 


Vertical Circle. 


1) 4 12 8 

2) 4 16 55 

8) 4 23 26 


100 1 10 

101 4 10 

102 47 50 


51 39 50 

52 26 30 

53 38 10 


4) 9 59 37 

5) 10 3 35 

6) 10 8 37 


244 0 20 

244 42 0 

245 36 20 


Barom. 


534-8 millim. 
21-055 inches. 


Temp, of Air 


40 10 25 
39 23 57 
38 23 30 

j 20-2 C. 
68-4 Falir. 


Calculated by Method I. 


We use for the calculation the means of 1, 2, 3 = I., and of 4, 5 == II., observation 6 
being marked “doubtful!’ in the original manuscript. 1 


4 17 30 
10 1 36 


Vertical Circle. 

o / h 

52 34 50 
39 47 11 


Refraction 


Sun’s Semidiameter . 
Sum of Corr. 


I. h corr. 


— 0-9 


Parallax -f- 0-1 


52 18-2 


— 15-8 

— 16-6 


+ 0-1 

— 15-8 

— 16-4 


8 = + 14 21-0 


H. h' corr. = 39 30-8 8' = + 14 16-6 


Latitude N. 


35° 41' -3 


Mean Noon (corrected for Equation of Time) . . 6 h 32 m 2 s 

Control. 

O / 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 10 h 8 m 37 s . . . -38 23-7 

Observed Altitude . 38 23-5 

Calc. — Obs + 0-2 


1 The control, however, shows that it is correct. 
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group xi. bIlti and has6ra. 


Longitude. 

h m s 

Mean Noon at Shigar, by Chron. 1, 1856, August 5 6 32 44 

Mean Noon at Askoli, 1856, August 14 6 32 2 

Rate = XI. = 0 s • 0 o 0 0 

Meridional Difference in Time — 0 0 42 

‘ 0 i 

Shigar, East of Green 75 45-5 

Askoli, East of Shigar 10-5 

Askoli, East of Green 75 56-0 


No. 89. Chutr6n, in BAlti. 

Several hot springs take their rise near this small village, which is situated on 
the right side of the Shigar river, in its upper course, where it flows through the 
district of Basha. The springs, which have a temperature of 44° -0 0. = 111 0 -2 Eahr., 
issue from the base of a steep gypsum rock. 


Geographical Co-ordinates. 

Latitude North. ' Longitude East Green. Height. 

35° 44' 35" 75° 25' 40" 8,060 feet. 

Observations: 1856, August 8. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

Latitude and Time. 

1856, August 8. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 






A.M. 






a 

111 , 
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H 
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/ 
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1) 

3 

51 

47 

81 

27 

20 

48 

14 

40 

2) 

3 

56 

35 

82 

26 

30 

49 

8 

50 

3 ) 

4 

2 

14 

83 

24 

20 

50 

14 

30 

4 ) 

4 

11 

47 

85 

51 

30 

52 

3 

20 





P.M. 






h 

m 

S 

0 

I 

It 

0 

/ 

il 

5) 

10 

4 

29 

235 

15 

20 

40 

48 

0 

6) 

10 

10 

2 

236 

14 

0 

39 

41 

15 

7 ) 

10 

16 

26 

237 

17 

50 

38 

24 

40 
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ASTRONOMICAL DETERMINATIONS OE LATITUDES AND LONGITUDES. 


Barom. 


564-2 millim. 
22-213 inches. 


Temp, of Air 


23-2 C. 
73-8 Fahr. 


Calculated by Method I. 


We take for the calculation observation 4 = 1., since it is marked in the manu- 


script as particularly good, and the mean»of 5, 6, 7 = II. 


Refraction 

Parallax 

Sun’s Semidiameter . . . . 
Sum of Corr. . . . 


I. 

/ // 

— 37 

+ 5 

— 15 48 

— 16 20 


II. 

/ a 

— 57 
+ 1 

— 15 48 

— 16 38 


I. h corr. = 51 47-0 8 = -f 16 8-1 

II. ' h' corr. = 39 21-3 8' = + 16 3-8 


Latitude N 35° 44' • 6 

Mean Noon (corrected for Equation of Time) . . 6 11 34 m 3 s 

Control. 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 4 h 2“ 14 s . . . 50 14-3 


Observed Altitude ' 50 14-5 

Calc. — Obs. — 0-2 


Longitude. 

h m s 

Mean Noon at Shigar, by Chron. 1, 1856, August 5 6 32 44 

Mean Noon at Chutron, 1856, August 8 6 34 3 

Rate = XI. = 0 s -0 0 0 0 

Meridional Difference in Time 0 119 

Shigar, East of Green 75 45-5 

Chutron, West of Shigar 019-8 

Chutron, East of Green .".... 75 25-7 


No. 90. ShIgar, in BXlti. 

Though the chief place in the district to the north of Skardo, this is but an 
unimportant village, situated on the right side of the Shigar Lungba river. 

The longitude was computed most carefully from itinerary distances. Compare p. 107. 
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Latitude North. 
35° 28' 35" 


Geographical Co-ordinates. 

Longitude East Green. Height. 

75° 45' 30" 7,537 feet. 


Observations: 1856, August 5. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

Latitude and Time. , 

1856, August 5. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 

A.M. 



ll 

m 

B 

O 

/ 

ii 

o 

/ 

// 

1) 

3 

l 

31 

279 

27 

0 

38 

56 

30 

2) 
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6 

1 

280 

11 

40 

39 

50 

40 

3) 

3 

12 

23 

281 

15 

30 

41 

8 

10 

4) 

3 

19 

55 

282 

33 

40 

42 

39 

20 





P.M. 






ii 

in 

8 

o 


It 

o 

1 

Jl 

5) 

10 

33 

26 

89 

32 

40 

35 

14 

15 

6) 

10 

38 

49 

90 

23 

40 

34 

8 

10 

7) 

10 

43 

57 

91 

8 

20 

33 

6 

10 


Barom. 


578-1 millim. 
22-760 inches. 


Temp of Air 


22-7 C. 
72-9 Fahr. 


Calculated by Method I. 

We use for the calculation the means of observations 1, 2, 3, 4 — I., and of 5, 6, 7 
= II., giving to observation 5 double weight, on account of its being marked as parti- 
cularly good in the manuscripts of observations. 

Time. Vertical Circle. 


h m a 

I. = Mean a.m .at 3 9 58 

II. = Mean p.m at 10 37 24 


Refraction 

Parallax 

Semidiameter 

Sum of Corr 

I. h corr. = 40 22-0 
II. h 1 corr. = 34 8-8 


I. 

— 1-0 
+ 0-1 

— 15-8 

— 16-7 


40 38 40 
34 25 42 

II. 

/ 

— 1-2 
+ 0-1 

— 15-8 

— 16-9 


S 

3 ' 


+ 16 58-8 
+ 16 53-7 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Latitude N 85° 28' -6 

Mean Noon (corrected for Equation of Time). . 6 h 32™ 44 s . 

Control. 

Calcul. Apparent Altitude of the Sun’s Upper Limb at 3 U 19 m 55 s .... 42 38-8' 


Observed Altitude 42 39-3 

Calc.— Obs. T 0-5 


No. 91. Skardo, in Balti. 

Skardo lies upon the left bank of the Indus, and, though the capital of Balti, is 
in a commercial point of view a town of far less importance than Leh, the capital of 
Ladak, and Gartok, the principal place in Gnari Khorsum. 

The Baltis, however, are generally good cultivators, and produce many articles 
for export, of which dried fruits form the largest item. 

Adolphe took hie observations at Nagolisbang, about one mile S.W. of the fort, 
where a few isolated houses are standing. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. 

35° 20' 12" 75° 44' 0" 

Observations: 1856, September 2. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

A. Altitudes of the Sun. ■ 

Latitude and Time. 

1856, September 2. Horizontal Circle. Vertical Circle. 

. Sun, Upper Limb. 






A.M. 
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1) 

3 

42 

13 

231 

11 

30 

42 
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0 

2) 

3 
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23 

232 
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50 
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20 

3) 

3 

54 

22 

233 

59 

40 

44 

59 

55 

4) 

' 3 

57 

47 

234 

49 

40 

45 

36 

15 

5) 

4 

11 

7 

238 

11 

25 

47 

57 

30 

6) 

4 

16 

10 

239 

31 

0 

48 

17 

0 


Height. 
7,250 feet. 
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h m s 

7) 10 25 19 

8) 10 51 37 


P.M. 


0 / // 
13 34 25 

17 54 0 


Barom. 


583 • 2 millim. _ „ . . 

„„ . i Temp of Air 

22-961 -inches. 

* 

Calculated by Method I. 


Latitude N 

Mean Noon (corrected for Equation of Time) 


O / // 

30 30 40 
25 15 0 

22-9 C. 
73-2 Fahr. 


35° 18' -3 
6 h 32 m 50“ 


The detail of these calculations is given as one of the examples, pp. 86 et seep 


B. Observations of Polaris. 


1856, September 2. 

h m s 

3 18 5 

3 29 11 
3 42 19 


Vertical Circle. 

O / II 

35 30 40 
35 34 36 
35 39 30 


Mean 3 29 52 


Mean 35 34 55 


Barom. 


584 <2 millim. 
23-0 inches. 


Temp of Air 


20-6 C. 
69-1 Fahr. 


O / II 

Refraction — 1 0 

Latitude N 35 20 17 

Latitude N., calculated from the highest Altitude alone .... 35 20 8 

Latitude N. (Mean of both calculations of Polaris) 35 20. 12 


This is the latitude we adopt. 


Longitude. 

h m s 

Mean Noon at Shfgar, by Chron. 1, 1856, August 5 6 32 44 

Mean Noon at Skardo, 1856, September 2 6 32 50 

Rate = XI. = 0“-0 0 0 0 

Meridional Difference in Time 0 0 6 

O / 

Slngar, East of Green 75 45-5 

Skardo, West of Shfgar 

Skardo, East of Green 75 44-0 


Meridian. 

Deduced from the Altitudes of the Sun 296° 23' -1. 


x. 


33 
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ASTBON OMIOAL DETEBMINATIONS OP LATITUDES AND LONGITUDES. 


No. 92., TAshing, in Has6ba. 

A small fort stands near this place, which is an unimportant village to the north- 
east of the Diamer peak, in the valley of Hasora. 

The instruments were put up 200 yards N.N.W. of the fort, in a fine, open 

meadow. Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

35° 15' 40" 74° 40' 40" 9,691 feet. 

Observations: 1856, September 20. 

Instruments: Theodolite 3, Troughton; Chron. 1; Barom. 6, Adie. Observer: Adolphe. 

Latitude and Time. 

1856, September 20. Horizontal Circle. Vertical Circle. 

. ‘ Sun, Upper Limb. 



h m s 

A.M. 

o / 

a 

O 1 II 

1) 

4 12 16 

8 24 

0 

43 25 30 

2) 

4 19 56 

10 28 

24 

44 37 57 

3) 

4 24 23 

11 42 

44 

45 18 30 

4), 

4 27 53 

12 44 

50 

45 50 30 

5) 

4 36 43 

15 19 

30 

47 6 10 

6 ) 

4 42 14 

16 57 

47 

47 51 10 


h m 8 

P.M. 

0 / 

a 

O / // 

7) 

9 32 46 

120 40 

40 

35 41 35 

8) 

9 39 22 

122 5 

0 

34 41 0 

9) 

9 51 6 

124 27 

55 

32 21 20 

10) 

9 58 41 

125 52 

40 

31 0 10 

_ [ 537-2 millim. 

Barom. 3 

' Tenrn of Air 

| 15-7 C. 


( 21-150 inches. 


JL 

(60-3 Eabr. 


Calculated by Method I. 

. We use for the calculation the means of observations 1 to 6 = I., and of 7 to 10 = II. 

Time. Vertical Circle. 

h m s o / // 

I. = Mean a.m. .... at 4 27 14 45 41 38 

II. = Mean p.m. . ... at 9 45 24 33 26 1 


O / 

I. h corr. = 45 25-2 8 = ~pi 2-5 
H. h' corr. = 33 9-2 8' = + 0 57-3 

Latitude N. ....... 35° 15'-7 

Mean Noon (corrected for Equation of Time) 37 m 3 s 
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Longitude. 

* h m s 

Mean Noon at Shigar, by Ohron. 1, 1856, August 5 6 32 44 

Mean Noon at T&shing, 1856, September 20 . 6 37 3 

Rate = XI. = 0 B -0 * 0 0 0 

Meridional Difference in Time .... . 0 4 19 

O / 

Shigar, East of Green. . 75 45-5 

Tashing, West of Shigar 1 4-8 

Tashing, East of Green 74 40-7 


Meridian. 

Calculated from the Altitudes of the Sun ..... 58° 36' • 0 


c. KARAKORfFM AND KUENLUEN. 

GROUP XII. 

TURKISTAN. 

STATIONS 93 -to 112. 

Karakorum. — Kiuk-Kiol. — Suget. — Route from the Karakorum pass to Bushia. 


For the extent of the range included under the name of “Karakorum”, compare 
our general map, and the map of routes No. I. of the Atlas. 

The Karakorum runs generally parallel to the Himalaya, beginning east of 
Lhassa and ending at the longitude of Hasora. It forms the northern border of 
Eastern and Western Tibet, and, what is more important still, this range, and not 
that of the Kuenluen, forms the watershed between India and Central Asia. 

Different names are given to this chain in the various provinces along its foot; 
we selected as the general name the one used in Turkistan, and which, is also known 
in Ladak. Its signification, “the black mountains”, in contrast to the more snowy 
chain, “Himalaya”, also appeared to us very well to express one of the most charac- 
teristic features of its physical geography. 
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ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


No. 93. Karakoram Pass, 

EORMIN& THE FRONTIER BETWEEN LADAK AND TtJRKISTAN. 

We reached this pass at 2 p.m., and remained till the approach of night com- 
pelled us to descend. Heavy gusts of wind, which sprang up soon after 3 p.m., con- 
siderably added to the difficulties of the observations, as the rarefaction of the air 
causes much more pain under the influence of strong winds. 1 The effect on this occasion 
was such that only two of our people could be induced to remain with us at the top 
of the pasB-, the others, who had already gone down, we did not reach till 11 o’clock 
at night. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

35° 46' 55" 77° 30' 21" 18,341 feet. 

Observations: 1856, August 9. 

Instruments: Theodolite 2, Jones; Chron. 3; Hypsom. 5, Geissler. Observers: Hermann and Robert. 

Latitude. 

Our very limited stay, and the various observations we had to make for completing 
the magnetic determinations, rendered it impossible to take altitudes of the sun till 
late in the afternoon. These altitudes give time and longitude very well, but the 
latitude with hardly sufficient accuracy. We, therefore, preferred deducing the latitude 
from itinerary distances and bearings referred to the Sasser pass. 

We obtain Latitude N. 35° 46' • 9. 


Time and Longitude. 

1856, August 9. Horizontal Circle. Vertical Circle. 

li m m o in oil/ 

10 48 31 193 54 15 30 43 42 

10 55 8 195 1 0 29 10 42 

11 1 15 195 55 50 27 56 12 

11 5 6 196 29 50 27 7 22 


„ . I 82° -4 C. = 390-6 millini . 
HyP “ 0m - i 15-379 inches. 


Temp, of Air 


10*8 C. 
51-4 Fahr. 


The time is calculated (with the latitude given above) from the mean of the 
preceding observations. 

Mean of Time. Mean Altitude. 

10 h 57 m 30 a 28° 44' -5 


1 See pp. 25 and 26. 
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O / 

Refraction — 1-7 

P arallax ~ J — 0*1 

Sun’s Semidiameter — 15*8 

Corr. Altitude at 10 11 57 m 30' 28 27*1 

8 = -f .15° 45'* 6 

li m s 

Time by Chronometer 10 57 30 

Hour Angle of Sun 4 24 1 

Apparent Noon 6 33 29 

Equation of Time 5 12 

Mean Noon 6 28 17 

h m a 

Mean Noon at Simla, by Chron. 3, 1856, May 15 . . . ’ 6 28 21 

Rate = XIII. = gaining 1® - 01, for 86 days + 1 27 

Mean Noon at Simla, reduced to 1856, August 9 . . . 6 29 48 

Mean Noon at Karakorum pass 6 28 17 

Meridional Difference in Time 0 131 

O / // 

Simla, East of Green 77 736 

Karakorum pass, East of Simla 0 22 45 

Karakorum pass, East of Green 77 30 21 

Meridian. 

From the Altitudes of the Sun 285° 53' *5 
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No. 94. Kii'jk-KiSl, the “Blueish-Gbeen Lake”, in Turkistan. 

This lake of brackish water is situated on the right side of the Karakash river, 
in its upper eastern course. 

It is scarcely ever visited by caravans, on account of its great distance from 
every inhabited place, though it is surrounded by large patches of grass, and is 
frequented by herds of wild animals. Hot saline springs are very numerous a few 
miles lower down the Karakash valley. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green. Height. 

35° 40' 0" 77° 56' 0" 15,460 feet. 

Observations: 1856, August' 13. 

Instruments: Theodolite 2, Jones; Chron. 3; Hypsom 5, Geissler. Observer: Hermann. 
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• ASTRONOMICAL DETERMINATIONS OF LATITUDES AND LONGITUDES. 


Latitude and Time. 


1856, August 13. 


h m s 

1) 5 12 58 

2) 5 32 22 


Horizontal Circle. 

A.M. 

Sun, Lower Limb. 

O / // 

124 35 15 
130 0 30 


Vertical Circle. 


o / II 

52 7 20 
55 36 30 


h m 8 

3) 10 12 44 

4) 10 32 9 


P.M. 

Sun, Upper Limb. 

0 / // 

259 33 40 

263 42 15 


O / U 
48 12 20 

44 28 10 


( 85°- 18 C. = 436-1 millim. 
| 17- 170 inches. 


Temp, of Air 


17-6 C. 
63-7 Fahr. 


When descending the Karakorum pass on the evening of the 9th August, we 
were overtaken by the night before reaching our encampment at A Bullu. One of 
the horses carrying the theodolite fell down, and the level of the vertical circle was 
unfortunately broken. We had a spare level with us, which we connected with the 
vertical circle, but only with approximate accuracy. We thought at first that we 
had succeeded in properly adjusting the vertical circle; but upon repeating our trials, 
we found, when taking the vertical angles of different peaks, that the adjustment was 
not sufficiently correct. 

A few days later we succeeded in properly fixing the spare level.* It then kept 
in perfect order, as is proved by our subsequent observations taken at A Suget. 1 

Kiuk-Ki'ol seemed to us a station of such importance that we attempted to find 
a method for calculating the latitude from the azimuthal motion of the sun. 

The method we employed was the following: 

We have four observed times: 

t, H t", {"', 

and four altitudes reduced to the sun’s centre, containing an unknown error, y : 

h + y, h' + y, h" + y, h‘" + r , 

and 

t' — t is about equal to t'" — t", (1) 

h is about equal to h" + (hi — h). (2) 

The altitudes are not corresponding ones; but, nevertheless, they can be used in 


1 See pp. 264 et seq. 
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a similar maimer to corresponding altitudes for the determination of^the apparent 
noon, as will be seen from the following formulse: 

( t = 5 12 58 ft + y = 52° 23'- 1 

( t' = 5 32 22 ft' + y = 55 52-1 

#' — T = 19 24 ft' — ft — 3 29-0 

( #" = 10 12 44 ft" +«/ = 47 56-5 

‘ ( t‘" = 10 32 9 ft'" + y = 44 12-4 

= 19 25 ft'" - ft" = 3 44-1 

Neither of these two groups alone can be used for forming corresponding altitudes ; 
as, in doing so, the higher terms of the vertical motion of the sun would be omitted. 

The approximate equations (1) and (2), however, show that the apparent noon may 
be deduced with quite sufficient accuracy by representing 

ft by ft'" - ft", and 
ft" by ft' — ft. 

We then obtain the two following equations: 

O / 0 / / // 

3 44-1 : 4 26-6 = 19 25 : r 

3 29-0 : 4 26-6 = 19 24 : a?. 

Apparent noon by combination A: 

li m a 

ft and 'ft" reduced by ft'" - ft" to ft = 7 31 18; 

„ by combination B: 

ft" and ft reduced by ft' — ft to ft" — 7 30 28 
Apparent Noon, Mean 7 30 53 

Latitude. 

We adopt an approximate value, 36° 19' (obtained by method II.) as first hypo- 
thesis, but recollecting the error in the adjustment of the vertical circle, we take as 
second hypothesis any other value, say 20' less (for facility of interpolation) = 35° 59 , 
and we then deduce the latitude representing the azimuthal motion of the sun. 

Hypothesis j_ _g 


O / O / 

Azimuthal motion, calculated 137 30 138 22 

„ „ observed 139 7 139 7 

Calc.— Obs — 1 37 - 0 45 


The true latitude therefore is obtained by the equation: 

52° : 45' = 20' : A<p 

= 85° 40' = Latitude N. 


A<p = 19'; 
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The longitude was deduced from itinerary distances; chronometer 4 might have 
been reduced by comparison with chron. 3, but, the level of the theodolite being out 
of order, the longitude so obtained would, nevertheless, have been Very badly defined. 

No. 95. A StfoET, in TurkistXn. 

This halting place for caravans trading between Ladak and Khotafi is one of 
the finest to be found on this deserted route. It is about two miles distant from 
the left side of the Karakash river, in a broad, lateral valley, which, however, is narrow 
and steep at its lower end. 

Shrubs, called “Suget” by the Turks, and covering isolated spots in the valley, 
have given the present name to the place. Circular walls of stones are erected at the 
halting place to shelter travellers from the wind during the night. 

The nearest inhabited places to the south are nine marches distant. 

Geographical Co-ordinates. 

Latitude North. Longitude East Green 

36° 10' 25" 77° 50' 5" 

Observations : 1856, September 1. 

Instruments: Theodolite 2, Jones; Chron. 3; Hypsom. 5, Geissler. Observers: Hermann and Robert. 

Latitude cmd Time. 

1856, September 1. Horizontal Circle. Vertical Circle. 

Sun, Upper Limb. 
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11 

347 
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10 

61 
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TT ( 89° • 0 C. = 505-8 millim 

“"“H .19 913 iacta. 


Temp, of Air 


15-0 C. 

59 -0 Fahr. 


Height. 
12,960 feet. 
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First Approximation. 

Calculated by Method III. The detail of the calculation is given pp. 92 and 93. 
We had obtained: 

Latitude N. 36° 10' 54" 

Apparent Noon 6 h 31“ 49 8 


Second Calculation. 

I. Comparison of the Observations. 



Time by Chronometer 

Apparent Noon by the first Ap- 
proximation 


6 h 28 m 33 s 

6 11 32 m 22 s 

6 h 36 m 40 8 

6 h 40 m 18 8 

6 h 58 m ll 8 

6 h 31 ra 49 s 

6 H 31 m 49 a 

6 h 31“49 8 

6 h 31 m 49 s 

6 h 31 m 49 s 


Hour Angle in Time 

Hour Angle in Arc = t 

sin <p sin 8 

cos 9 cos 8 cos t 

Sum = sin h 

h (True Altitude of the Sun’s 

Centre) 

Sum of Corr. 1 

Calculated Observation 

Direct Observation 


-0 h 3 m 16 B +0 l1 0 m 33 s -fO h 4 m 51 8 +0 k 8 m 29 s -f 0 h 26 m 22 s 
- 0° 49' -0 + 0° 8'-3 + l°12'-8 + 2° 7'-3 + 6° 35'-5 


Calc. — Obs. 



II. Determination of the most probable Elements by the Method of Least Squares. 

We obtain the five following differential equations developed for each single 
observation: , 


1) 

0 = 

+ 

9 

71 - 

- 9-68 

GO 

+ 

e- 

05 

dt 

2 ) 

0 = 

+ 

8 

67 - 

- 9-68 

d 9 - 

- 7 

28 

dt 

3) 

0 = 

+ 

0 

05 - 

- 9-68 

d(f> - 

- 8 

24 

dt 

4) 

0 = 

+ 

0 

31 - 

- 9-68 

d 9 - 

- 8- 

47 

dt 

5) 

0 = 

4- 

0 

63 - 

- 9-68 

dy - 

- 8 - 

• 96 

dt 


■ Refraction + O'- 3; Parallax — 0'-l; Sun’s Semidiameter + 15' -9. 
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These equations, applying the method of least squares, give : 


d 9 = “ O'- 2 u m g 

dt = + 1 ° 9 ' -5 dT = — 4 38 

Apparent Noon = 6 27 11 

9 = Latitude N — 36° 10 ' -4 


The great correction of dT, exceeding the usual limits of the differentials, is 
caused by the first altitude having been observed 2' * 9 too low, an error only discovered 
by the various methods of calculation. 

III. Comparison of the Single Observations with the Final Elements. 

No. of Observ. Calc. — Obs. 


1 

2 

8 

4 

5 


2-9 

— 0-4 

— 0-3 

— 0-2 
— 4-4 


Longitude. 

h m a 

Mean Noon at. Simla, by Chron. 3, 1856, May 15 6 28 21 

Rate = XIII. = gaining I s - 01, for 109 days -f- 1 50 

Mean Noon at Simla, reduced to 1856, September 1 6 30 11 

Mean Noon at A Suget 6 27 21 

Meridional Difference in Time . 0 2 50 

Simla, East of Green 77 7-6 

A Sdget, East of Simla 0 42 ■ 5 

A Suget, East of Green 77 50-1 

Meridian. 

Deduced from the second Approximation 330° 55' -8. 
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Route ebom the Nobthebn Foot oe the KabakobtJm Pass to BtJshia. 

Besides the direct observations, given above in detail, the circumstance, that we 
could use as points of reference a great number of peaks with very well defined, 
forms, allowed us to connect our several halting places along the whole line of route 
with each other, and to refer them to the stations fixed by our direct observations. 

The northernmost point which we (Hermann and Robert) reached in Khotan, after 
crossing the Kuenluen, was Bushia. Though permanently inhabited by shepherds (who, 
failing to penetrate our disguise, gave us a very hospitable reception) it does not con- 
tain any regularly built houses; caves and tents forming the places of abode for the 
inhabitants, even during the winter. Bushia is situated just at the uppermost limit of 
the cultivation of grain, which rises here to a height exceeding the average height . 
of the snowline in the Alps. 

All our movements being closely watched by the population, amongst whom we 
had to encamp, while awaiting the result of negociations for provisions, horses, and 
yaks, we were frustrated in our repeated endeavours to make some observations with 
our sextants. Though selecting the quietest hours of the night, between 3 and 
4 o’clock in the morning, we soon found that our early rising excited notice, and we 
were obliged to give up all idea of taking observations of Saturn and the moon, a 
circumstance which we felt the more vexatious, as, from the beautiful transparency of 
the air, they presented a particularly brilliant appearance. 

The following list contains the geographical co-ordinates of our encampments. 1 

No. 96. A BtfnLU, at the northern foot of the Karakorum pass, on the road to 
Yarkand. Lat. N.: 35° 49'. Long. E. Gr.: 77° 31'. Height: 16,889 feet. 
No. 97. A ChilgIne, east of the Yarkand road, a barren place covered with saline 
efflorescences. Lat. N. : 35° 58'. Long. E. Gr. : 77° 35'. Height: 16,416 
feet. 

No. 98. A KissilkobAm, 2 a secondary watershed between the Yarkand and the Karakash 
rivers. Lat. N.: 35° 57'. Long. E. Gr.: 77° 50'. Height: 17,762 feet. 

1 Though considering them as one general group, we number them separately for greater convenience of 
quotation. 

2 We frequently made similar determinations of geographical positions along our routes in the Himalaya and 
in Tibet, The detail of these will be communicated in another part of our publications. 
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No. 99. A AksIe CirfN, the basin of a lake now drained, in the upper part of the 
Karakash valley. A short distance lower down we came upon a similar 
basin, filled with solid ice, even in August. Lat. N. : 35° 52'. Long. E. 
Gr. -. 77° 51'. Height: 16,620 feet. 

No. 100. A 1856, August 16, in the Karakash valley, below the Kiuk-Kiol. 

Lat. N.: 35° 49'. Long. E. Gr.: 77° 51'. Height* 14,820 feet. 

No. 101. A KIeir DiRA, in the right side of the Karakash valley. Lat. N.: 35° 50'. 

Long. E. Gr.: 78° 12'. Height: 14,420 feet. 

No. 102. A Bashmalgt5n, name of a small island in the Karakash river. Lat. N. : 

35° 50'. Long. E. Gr. : 78° 17'. Height: 14,214 feet. 

No. 103. A 1856, August 17, in the Karakash valley, below Bashmalgun. Lat. N. : 

35° 51'. Long. E. Gr. : 78° 22'. Height: 14,000 feet. 

No. 104. A Sikander MokXm, in the Karakash valley, with an old ruined fort . 1 

Lat. N.: 36° 3'. Long. E. Gr.: 78° 29'. Height: 13,864 feet. 

No. 105. A 1856, August 19, in the Karakash valley. Lat. N. : 36° 8'. Long. E. 
Gr.: 78° 14'. Height: 13,613 feet. 

No. 106. A StJMGAL, a halting place with some shrubs and pasturage. Here the 
road branches off to Elchi. At this spot we stayed for a day, which 
enabled us to make some magnetic observations, and at the same time 
to give the necessary rest to our animals, who were by this time in a 
most wretched condition. Lat. N.: 36° 8'. Long. E. Gr. : 78° 5'. Height: 
13,212 feet. 

No. 107. A Gulbagashen, with large Yashem (Nephrite) quarries, occasionally fre- 
quented by numerous caravans. Lat. N.: 36° 9'. Long. E. Gr.: 77° 45'. 
Height: 12,252 feet. 

No. 108. Elohi DavIn, is the pass leading from the Karakash valley to Elchi, very 
steep on the southern side, and with an extensive glacier descending to 
the north. For commercial purposes the routes over the pass “Yurungkash 
Davan” are preferred. Lat. N.: 36° 13'. Long. E. Gr.: 78° 7'. Height: 
17,379 feet. 

No. 109. BtfsHiA, in the upper part of the Elchi river. Lat. N.:'36° 26'. Long. 
E. Gr.: 78° 19'. Height: 9,310 feet. 

L Visited also the year following by Adolphe; see the description, of this place, p. 63. 
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Approximate Determination op Elchi, YXrkand, and KIshgar. 

Our brother’s routes, aud such information as we could derive from various itineraries, 
allowed us also approximative^ to determine the geographical positions of these places. 
From official information, just received (July, 1860), we have reason to hope 1 that our 
late brother’s manuscripts, during his journeys in Turkistan, may still be saved. If so, 
we will subsequently, give the fall detail of his observations. For the present, we 
adopt, as the most probable results: 


No. 110. Elohi . . 
No. 111. YIrkand 
No. 112. KXshgar 


Lat. N. Long. E. Gr. 

O / 0 / 

36 50 78 20 

38 10 74 0 

39 15 71 50 


Klaproth, 2 Humboldt, 5 and Ritter, 4 and also Waugh (for Yarkand) give for the 
latitude values very little differing from ours; but their longitudes appear to be 
nearly 2° too far to the east. 5 


The values adopted by these authorities are : 


Place. Lat. N. 

blchi .... , 37° 0 

"Yarkand . . 38 19 

Kishgar . . 39 25 


Long. E. Gr. 

80 35 
76 18 6 
73 55 


We have, however, the more reason to think our determinations correct, from the 
greater proximity of our stations of direct observation. Hitherto all the geographical 
positions in this part of Central Asia have been referred to Peking, which is much too 
distant to afford sufficient accuracy for longitude. 


1 Compare also the Lahore Chronicle, and the Bombay Times, May, 1860. 

2 J. Klaproth, Carte de l’Asie Centrale, dressee d’apres les cartes levees par ordre de l’Empereur Khienlong, 
par les Missionaires de Peking, et d’apr&s un grand nombre de notions, extraites et traduites de livres chinois. 
Paris, 1833, 4 sections. 

3 A. v. Humboldt: Gebirgsketten und Vulkane in Central-Asien, 1844, 

4 Bitter’s Erdkunde von Asien. 1837, Bd. 5. p. 347, 389 nnd 432. 

6 D’Anville’s old map had filchi still 3° more to the east, in about 83° 36'. 

6 In his map of the Punjab and adjoining countries, Calcutta, January, 1854, Waugh adopts Lat. N. 38° 20', 
Long. E. Gr. 76° 0 7 , therein nearly agreeing "with Klaproth’s map, which gives Lat. N. 38° 19', Long. E. Gr. 76° IS' 
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CONCLUDING GENERAL REMARKS AND RESULTS. 

The general list of our stations is given in a tabular form, in connection with 
the magnetic elements, at the end of part III.; and they are laid down in four charts, 
containing our routes and the magnetic lines. 

1. Eor India, we were particularly happy to see that our own determinations of 

latitude and longitude agree very well with the exact data furnished by the Great 

Trigonometrical Survey; 1 also in Western India, where, as far as we know, the 

operations of the Great Trigonometrical Survey have but recently been commenced, 

we find that the geographical positions, also the longitudes, as laid down, generally 

coincide with ours. The station Dera Ismael Khan and its environs, however, are 

laid down 9' too much to the north. 

* 

2. For the Himalaya 3 of Kamaon and of Garbo til, and for the Tibetan province 
of Gnwri Khorsum, our observations show, with a few exceptions (as Nelong and 

1 See p. 126. t 

2 In Bhut&n, and in the Himalaya of Sikkim and of Nep&l, we determined the geographical positions of various 
places and peaks by triangulation; but the detail of these observations, as well as of similar ones in the western 
part of the Himalaya and of Tibet, will be given in another part of our publications. 

We add a list of the principal original maps : 

A. Bhutan and Sikkim: 

A survey of the road from Buxadewar to Tassisudon, in Bhotan, in Turner’s “Account of an Embassy to the 
Court of the Teshoo Lama, in Tibet”. London, 1800. 

Sketch of Bootan, in Vol. VIII. of the' Asiatic Society’s Journal. 

Map of Sikkim, illustrative of Dr. A. Campbell’s Trip into that Country, by Major J. A. Crommelin. Darjeeling, 1849. 

Map of Sikkim and Eastern Nepal, by Dr. J. D. Hooker, London, 1853. 

Map of British Sikkim, by Capt. W. S. Sherwill. Calcutta, 1855. 

B. Kta&on, Grarhval, Central Tibet: 

Map of K&maon and British GSrvhal, by the Straoheys. Calcutta, 1850. 

Map of West Nari, to illustrate Capt. H. Strachey’s memoir on the physical geography of Western Tibet. 
London, 1853. 

Indian Atlas. Sheets 47, 65, 66. 

<7. PSnj&b and adjoining Countries: 

Map of the Punjaub and adjoining countries, by Colonel A. S. Waugh. Calcutta, January, 1854. 

Map of the PSnj&b, Western Himalaya, and adjoining parts of Tibet, by J. Walker. London, 1854. It is 
annexed to “Cunningham’s Laclak”. A second, revised edition appeared in March, 1859. 

Map of the Mountains of Northern India, to illustrate Dr. Thomson’s travels in Western Himalaya and Tibet, 
in Dr. Thomson’s “Western Tibet”. London, 1852. 

D. Original maps of Kashmir: 

Map of Kashmir, the Panjab, &c., by J. Arrowsmith, in Hiigel’s “Travels in Kashmir and the Punjab”. 
London, 1845. 
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Puling), a satisfactory coincidence with former latitudes; but the longitudes we found 
to he more to the west than had hitherto been supposed. The difference, however, does 
not on the average exceed 10' in the eastern parts of G-nari Khorsum, and 8' in 
the western. 

3. The latitudes of Spiti and Laddk, in Western Tibet, are generally given too 
high; but the difference is very small; those of Bdlti differ much more from our own 
determinations, being generally laid down considerably too low, with an error 
exceeding 10' even at the principal places, as Skardo and Shigar. In addition to 
these corrections, a number of places, not yet contained in any map, have been fixed 
from direct observations by Adolphe along his various routes in 1856. 

The differences of longitude . are still greater. The northern part of Western 
Tibet, throughout its vast extent, must, according to our observations, be placed 
22' to 25' more to the west; for the south-western margin, the error of the longitude 
is smaller, on an average 18' to 12'. , 

This result at first surprised us; but the Gr. T. S., recently extended as far as 
Srin&gger, has also found the longitude of the Vulfer lake to be 2 2' -5 more to the 
west than was till now generally laid down on maps. 

The progress of the Or. T. S. also enables us to profit by our general and detailed 
comparison of chronometers at Srin&gger, to connect all our chronometric longitudes 
of Western Tibet direct with those of the G-. T. S. in Kashmir. 

4. The positions to the north of Tibet, in the Kuenluen and in TurUstan , 
have been hitherto laid down according to various data carefully collected and made 
known by Klaproth. They are chiefly based on Chinese authorities, and on some 
old observations made by missionaries in the 17th century. 

Some few of the latitudes had been determined by altitudes of Polaris; the longitudes 
were referred to Peking. But the accuracy of these positions had always been con- 
sidered doubtful by many geographers. We found, that on the maps even the second- 
ary range of the Kuenluen had hitherto been mistaken for the watershed between 

Map of Kashmir, Ladak, and Little Tibet, from the Surveys of G. T. Vigne. London, 1846. 

Carte de la Vallee de Cachmire, par Victor Jacquemont. “Correspondence avec sa famille pendant ces Voyages 
dans l’Inde.” Paris, 1846. 

E. Maps of Central Asia compiled: 

Klaproth’s, Carte de l’Asie centrale. 4 sections. Paris, 1833. 

Gebirgsketten und Vulkane in Central Asien, von Alexander v. Humboldt. 1844. 
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Tibet and Turkistan, -whilst the principal chain, that of the Karakorum, had either been 
left out or considered as of secondary importance only, 1 and we, therefore, could not be 
surprised to find, from our own observations, and, farther to the north, from the combi- 
nation of various itineraries, that the longitude is on an average 2° too much to the 
east; the latitude, however, differs very little, being on an average only 9' too high. 


1 Compare our communications to the Dublin meeting of the British Association, August, 1857, and to the French 
Academy of Science at Paris, October, 1857. 



PART III 


MAGNETIC OBSERVATIONS. 

For the Magnetic Observations, English Units are used throughout; the Barometer 
Readings are given in Millimetres and English Inches, ti-ie Thermometer Readings in 

Centigrade and Fahrenheit. 




SECTION m. 


METHOD OF DETERMINATION OF THE MAGNETIC ELEMENTS. 


I. Declination. A. Instruments: a. Declinometers; b. Universal Magnetometer; c. Magnetic Needle, in Theodolite 3, 
Troughton; d . Prismatic Compasses; e. Needles for daily variation. B. Method of Calculation. 

II. Horizontal Intensity. Method of Observation and Calculation, including the description of the apparatuses 
used. 

III. Dip and Vertical Intensity. A. Dip: a. Dip Circles used; b. Comparison of the Dip Needles at Bombay, 
Simla, and Srinagger; c. Example. B. Vertical Intensity: 

IV. Total Intensity. 


I. DECLINATION. 

A. INSTRUMENTS. 

The true meridian being fixed by one of the methods detailed p. 94, the 
magnetic meridian was determined. 

We used: 

a. Two Declinometers, with two collimator magnets, marked 1 and 2. 

b. Universal Magnetometers, by Barrow and Lamont. 

c. The Needle in Theodolite 3, Troughton. 

d. In a few instances, Troughton’s Prismatic Compasses, marked 4 and 6. 

e. Various Cylindrical Needles, for daily variations. 

a. DECLINOMETERS. 

The declinometers we used were those generally adopted in English magnetic 
surveys, the construction of which, as well as that of the other magnetic instruments, 

35* 
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is minutely described in “Captain Riddle’s Magnetical Instructions.” London, 1844. 
Our declinometers consisted of: 

1. A wooden box with removable slides, and the ends fitted with glazed apertures. 

The front aperture is half an inch in diameter, the other one inch ; the front aperture 

has also a glass slide, which can be inverted. 

2. A glass tube, one third of a foot in length, having a torsion circle at the 

upper end; it was screwed to the top of the box. 

3. Collimators with achromatic lenses and micrometrical glass scales. 

4. Hollow brass cylinder with lens and scale, and a weak magnet attached in 
a position parallel to the axis of the cylinder. 

5. Stirrups carrying a pair of supports, with a pin underneath the centre attached 
to the plummet. 

6. Copper damper in the box, brass plummet, lamp, circular mirror to be at- 
tached to the wooden box, reel of silk fibre, spare glass tube, &c. 

Considerable delay being often caused by the operation of properly adjusting the 
stand of the theodolite with the stand of the declinometer, we had a board made 
with two sets of metallic grooves. This board could be fixed on the top of a 
tripod stand, and in this way the position which the centre of the axis of the 
theodolite ought to have, in order to lie in the prolongation of the line passing 
through the central glazed apertures of the collimator, was easily found. But the 
board being of considerable size, we found it difficult to carry it about, or even 
to fix it very firmly on the stand; we therefore preferred putting up the two 
instruments separately. As we subsequently found, the most convenient form for 
combining the collimator box with the theodolite was the following: 

A metallic brass ring, resting on a tripedal base, was made. The diameter of the 
ring was about two inches larger than the lower part of the theodolite, i. e. large 
enough to allow of the free movement also of the telescope. It could be placed in the same 
grooves which received the theodolite. The outer part of the ring itself was moveable, 
and could afterwards be clamped. The wooden collimator box could be firmly screwed 
on the outer part, and two weights, placed 120 degrees distant from the box, so as 
not to interfere with the ocular end of the telescope, preserved the equilibrium. The 
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wooden box (mentioned p. 276 sub 1) with all appendages could be made to fit this 
new tripedal basis. ' 

Before putting up the instrument, we always took the precaution to reduce the 
torsion as much as possible, and indeed, upon determining it with the torsion circle 
attached to the upper end of the glass tube, it was never found to be of -any appreci- 
able magnitude. We always attached the brass pl umm et several hours before the ob- 
servations were commenced, and took particular care never to make any alteration 
afterwards in the position of the support which was to receive the collimator. The silk 
fibre used was previously prepared by a special process, and had its natural glossy 
surface removed; this considerably reduced the torsion of the fibre, but as in this state 
it became liable to get rotten by moisture, we were obliged always to keep a large 
supply on hand. 

When determining the magnetic meridian, the cross wire of the telescope of the 
theodolite was adjusted so as to be bisected by the central line of the division of the 
collimator; but, at the same time, the angular values of the division were carefully 
ascertained for observations of variation. 

These values were found to be: 


For collimator 1 . 2 12-65 

For collimator 2 5 7-5 


The micrometer was brought into a position as nearly vertical as possible. For 
eliminating its eccentrical position, as well as the difference between the optical and 
magnetic axis of the cylinder, the collimator was inverted in the stirrup; in one po- 
sition the ends of the principal lines were turned downwards, in the other upwards. 
(A mark, made upon the outer surface of the collimator magnet, served to show 
whether the position of the micrometer inside had remained the same.) Even in the 
event of an alteration of position, the difference of the readings would have remained 
unaltered, provided the magnetic and optical axes strictly coincided; this, however, 
not being the case, the determination of the two positions was made in connection 
with every observation. 

Collimator 1 kept the same difference between the two positions very well till 
March, 1856. The difference between one position and the other varied only between 
55' and 57'. (In other collimators its absolute value is often much greater, on account 
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of the difficulty of fixing the scale in the collimator.) At a later date, however, this value 
had changed; in Leh, July, 1856, being 30'- 5, and in Kathmandu, March, 1857, 44'-3. 1 

. Oolhmator 2 varied for the two positions between 40' and 52', the difference 
being sometimes greater, sometimes smaller. 

The glass in the front aperture of the collimator box must have strictly parallel 
surfaces, otherwise refraction may easily become large enough sensibly to affect the 
results. As the apparatus allows of the inversion of the glass, any irregularity in the 
parallelism of its surfaces can be easily ascertained, for, if the sides are not strictly 
parallel, the resulting values of the possible errors will then have opposite signs. 

The glass in the apparatus belonging to collimator 1 was found to have its sides 
*strictly parallel, but in the apparatus belonging to collimator 2, the readings in the 
two different positions differed nearly half a degree. The irregularity in the form of 
the glass being so great, we did not at first suspect it as the cause of the differences 
which were found to exist by the most careful comparisons of Hermann’s and Adolphe’s 
ins tr ume nts. It was only at Simla, May, 1856, that we discovered the non-parallelism 
of the two surfaces of the glass to be the real cause of these differences. However, the 
error in all the preceding observations could be corrected with the utmost exactness, 
as, on account of the hitherto unaltered position, the error had remained constantly the 
same* Mr. Kleyser, a watchmaker at Simla, Avas fortunately able to replace this glass 
by another with nicely parallel surfaces. 

6. UNIVERSAL MAGNETOMETER. 

This instrument was a universal magnetometer, constructed by Barrow under the 
direction of G-eneral Sabine, and in its small compass were most ingeniously combined 
all the different parts, required both for the absolute determination of horizontal and 
vertical intensity, as well as for declination. Its size, however, precluded a minute 
division of the scales, and consequently the possibility of making observations so 
detailed as we could desire. In the earlier part of our travels we used it between 
Bombay and Madras, but afterwards gave it up; in the journey from Calcutta up to 
Simla, April, 1856, it got altogether out of order from the effects of an accident. In 
general, the separate apparatuses for declination, dip, vibration, and deflection, as used 
in the English surveys, proved to be by far the best adapted for accurate determi- 

1 For the detail, see the magnetic stations, Section V. 
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nations of absolute values, and to be, nevertheless, from their size and weight, easy of 
transportation from one place to another. 

Two other universal magnetometers, of the well known construction of Professor 
Lamont, we received through the kindness of that gentleman. These instruments are 
particularly well adapted for showing the differential values of horizontal and vertical 
intensity, besides giving the absolute values of these elements. Unfortunately they 
reached us so late (it was only at Calcutta, just before leaving India) that I (Her- 
mann) could make but a comparative series of observations. 

c. MAGNETIC NEEDLE IN THEODOLITE 3, TROUGHTON. 

Theodolite 3, Troughton, had a magnetic needle with agate plate resting on a steely 
pivot. Though, generally speaking, such needles are not worked carefully enough for 
accurate determinations of declination, yet it is possible to make them very delicate. 
Indeed, Professor Lamont showed me many such instruments, which had been executed 
in the workshop connected with his observatory, 1 and brought to great perfection. 

In our theodolite, the repetition circle allowed of the position of the magnetic 
meridian being changed, thus increasing the accuracy of the result, which is then 
deduced from the mean of a greater number of readings. Nevertheless, we generally 
used the instrument only for comparison with the collimator. 

d. PRISMATIC COMPASSES. 

Of these instruments we selected prismatic compass No. 4, by Troughton and 
Simms, for some determinations of declination along Robert’s routes in Sindh, who 
at that time had no collimator with him. The readings, when directed to various 
points, the angular distances of which were ascertained with theodolite 1, Troughton, 
could easily be taken with a correctness of three to five minutes.. The fundamental 
error of the compass, determined at Woolwich before our departure for India, and 
again determined several times during our journeys, was -f- 2' (East). The readings 
are given already corrected. 

Prismatic compass No. 6, by Troughton, though not used for the determination 
of the declination, has also frequently been compared by Hermann with the collimator. 
Its fundamental error was — 1' (West). 

1 Professor Lamont prefers making the top of glass and the pin of copper; but in travelling, pins of this con- 
struction are very liable to get their points injured. 
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CYLINDRICAL NEEDLES FOR DAILY VARIATIONS. 

For a longer series of observations of the daily variation of the declination we 
used the cylindrical magnets with mirrors attached, which were also employed in the 
observations of deflection. The angular values of the scales attached to the apparatus 
were directly measured, by fixing the box on the centre of a divided horizontal circle, 
as, for instance, the lower circle of a theodolite. 

We mention particularly the observations at Leh and Peshaur as series of 
such determinations. For several short series, the scales in the collimators were 
observed directly. 

B. METHOD OF CALCULATION. 

The angle between the true and magnetic meridian being the direct result of the 
readings (after the inversion of the collimators) no example is required. As one in- 
stance of the comparison of different methods, we quote station No. 4, Gohatti. The 
limits of the accuracy of absolute determination are from one to three minutes, on 
account of the errors contained in the true and magnetic meridian. 

When deducing the general results for the construction of the isogonic lines, the 
question of the reduction of these observations to one common epoch presented 
itself. But from the tables for Bombay (pp. 302 to 311) it will be easily seen, that the 
changes are comparatively so small, that no reduction is required, if we adopt as 
a common epoch one favourable to all our observations, as for instance, January, 
1856, — a period not too distant from the majority of our observations. Also the last 
excellent chart of Captain Evans \ for 1858, shows for the western parts of the coast 
of India an annual change in the variation of + 0' • 6 only, and, on the other hand, 
a decrease of it on the eastern coast.® 

1 Chart of the Curves of equal magnetic variation, by Frederick J. Evans. — The first map of isogonic lines was 
made by Halley, after whom these lines were for some time called Halleyan lines. See Sabine’s Explanation about 
terrestrial magnetism in Johnston’s Physical, Atlas. 

2 In southern Europe the annual change in many places exceeds 6'. Some instances of early previous obser- 
vation on the coasts of India will be given at the end of this part. 
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II. HORIZONTAL INTENSITY. 

METHOD OF OBSERVATION AND CALCULATION, 

INCLUDING THE DESCRIPTION OE THE APPARATUSES USED. 

The Horizontal Intensity is determined in absolute values by a series of experiments 
on vibration, combined with another on deflection. 

By the .vibration we obtain : 

mX — The product of the horizontal intensity into the magnetic moment of the 
suspended magnet. 

By the deflection: 

= The ratio of the magnetic moment of the deflecting magnet to the horizontal 
intensity. ' 

By the combination of the two results the values m and X are obtained separately. 1 
For the calculation of the value of the horizontal component of the earth’s magnetic 
force from observations of vibration and deflection, we employ, in exact accordance 
with the terms used by G-eneral Sabine, and now most generally adopted, the following 
terms and formulae: 2 

T 0 = Observed time of one vibration of the magnet. 

T / = Time of vibration, corrected for rate of chronometer and arc of vibration. 

T = Time of vibration, corrected for rate of chronometer, arc of vibration, tem- 
perature, torsion force of the suspending thread, and induction. 
s = Daily rate of the chronometer, -f when gaining, — when losing. 
a, a — Semiarcs of vibration, at the beginning and end of the observation, expressed 
in parts of radius. 

IT 

— — Katio of the force of torsion of the suspending thread to the magnetic direc- 
tive force. 

q — The correction for the decrease of the magnetic moment of the magnet pro- 
duced by an increase of temperature of 1° Fahr. 

1 Formerly the time of vibration, where the inclination is 0, was taken as the relative unit. (Humboldt’s obser- 
vations are referred to this.) 

2 These were communicated to us from the Kew Observatory. At the same time we were favoured by receiving 
some very conveniently arranged blank sheets for entering observations and calculating them, which very much 
facilitated the working out of our materials. 

T 86 
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K = Moment of inertia of the magnet, including its suspending stirrup and other 
appendages. 

% = Ratio of the circumference to the diameter of the circle = 3*1415927 . . . 

(j. = The increase in the magnetic moment of the magnet, produced by the inducing 

action of a magnetic force equal to the unity of the English system of 
absolute measurement. 

r u = Apparent distance between the centres of the deflecting and suspended magnets 
in the observations of deflection. 

r = Distance corrected for error of graduation and temperature. 

u 0 — Observed angle of deflection. 

P — A constant depending upon the distribution of magnetism in the deflecting 
and suspended magnet. 

— Magnetic moment of the deflecting or vibrating magnet. 

— Horizontal component of the earth’s magnetic force. 

= Approximate value of 4^. 

— Value of before the application of the correction 
Eormulse for calculating mX: 



T, 

T 2 

mX 


To 


cl a 


86400 16 


T ? I 1+ f -« ( <D-0 + n^ 

t?K 


Eormulse for calculating 


m 


w 0 _ 
Ao ” 


Va sin u 0 . 


m 

~xF 


X 


X |l + 2 4+ 

-*•0 l r * 

m/_ ( . P \ 

A' l 1 r? J 


In reference to our observations of Intensity in general, and particularly to the 
instruments employed, we add the following details: 

T 0 (= observed time of one vibration of the magnet). The time was noted at the 
precise moment when the point of the scale most distant from the centre 
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touched the cross in the telescope. The passing of the central line would 
be more rapid, and therefore better defined, but it is on this very account 
more indistinctly seen ; therefore the double observations of the two terminal 
points seemed to us to be preferable. On an average, several hundred 
vibrations have been observed ; their number is given under each station. 
s ( == the daily rate of chronometer). Generally, we used our Pocket Chronometers ; 
their rate was carefully ascertained by comparison with our standard chrono- 
meters (see p. 342). 

a, a, were deduced from original readings on a circular scale, divided into minutes, 
and attached above the telescope. 

p- is obtained from the formula — = , where u = the angle through 

which the magnet is deflected by a twist of 90° in the suspending thread. 
As has been already mentioned in the observations of declination, p. 277, 
our silk threads had but very little torsion. 
q ( = the correction of the magnet for temperature) was most minutely determined 
at Kew by the late Mr. Welsh, after our return from India, for magnets _Ll 
and JD2, both of which belonged to Hermann’s magnetic apparatus. This 
correction is not constant at all temperatures, and the correction is more 
exactly expressed by a formula of the form: 

Correction to t = q (t 0 — t) q (t 0 — #) 2 <fcc., t a being the observed temperature, 
and t the standard temperature adopted. 

We adopt as standard temperature 80° Fahr. = 26 0, 7 C., on account of the average 
difference from the temperature observed not being very great. Captain Elliot has also 
adopted 80° Fahr. as his standard temperature. 

At Kew the correction q was found 

for L 1 = 0 • 000195 ( t 0 — 80) + 0 • 00000055 (t 0 — 80) 2 
for D2 — 0-000222 (# o — 80) + 0 • 00000000 (# 0 — 80) 2 . 

The second term is also for L 1 so small that, in calculating the results, we found 
it could be omitted. 

For Adolphe’s magnet B 7, which was lost, we adopt (= the mean of the value of 
q for Ll and D2) q — 0 , 00021. 

Under these unhappy circumstances we had no choice of doing otherwise; besides, 

36* 



284 


MAGNETIC OBSEEVATIONS. 


his magnet was of the same size and material as those of Hermann, and miade by 
the same maker (Jones). Under such conditions q seems in general to vary but very 
slightly. 

& ( = moment of inertia). Though constant for the same magnet and its appen- 
dages, and varying but slightly with the temperature on account of expansion, its 
value has been very frequently determined for LI. 

We obtain for the different stations the following values of log j K), K t being the 
value directly obtained by each observation. 

Value of log K r 


0 -43858 
0-43937 
0-44182 
0-43743 
0-41970 
0-43552 
0-43334 
0-43830 
0-44293 
0-43720 
0-43415 
0-43471 
0-43696 
0-43821 

Numerical mean value = IC = 2 '7429, of which the logarithm is 0 '43821. The 
station Bellari, No. 40, is excluded from this mean. 

For the calculation of these values a large ring 1 was employed, with the excep- 
tion of Kargil, when two rings were used; 82 ft gives the value of log K / with the large 
ring, and 82 with a smaller one. The detail of the determinations of log K / is given 
respectively at each station. 

1 When a cylinder is employed, the value of K is obtained from the formula: K = — - 

■where W is the weight of the cylinder in grains, l and d its length and diameter expressed in feet (/and* t being 
the times of vibration (corrected for torsion, temperature &e.) of the magnet with and without the additional weight. 


Station. 

Value of log K,. 

No. of Station. 

Name. 

40 

Bellari 

0-33293 

43 

Galle 

0-44230 

44 

Narigun 

0-44465 

45 a 

Darjiling 

0-41201 

45 b 

Darjiling 

0-45022 

47 

T6nglo 

0-46400 

48 

Faliit 

0-44549 

49 

Kathmandu 

0-43854 

63 

Mozaferabad 

0-43868 

76 

Tsomognalari 

0-44591 

78 lv 

Leh 

0-42926 

78 b 

Leh 

0-43382 

82 a 

Kargil 

0-43603 

82 b 

Kargil 

0-43970 


Station. 

No. of Station. 

Name. 

i 

Dibrug&rh 

2 

T&pur 

3 

Udelguri 

, 4 

GoMtti 

5 

Cberra Punji 

9 tt 

Calcutta 

9 b 

Calcutta 

10 

Rampur Bolea 

11 

Kissengdnj 

12 

Patna 

14 

Benares 

15 

Lalchnau 

20 

Lahor 

21 

Raulpindi 
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When rings are employed 




t *' 


9 ~i and r e being the external and internal radii of the ring. 

The dimensions of the inertia rings, large ring and small ring belonging to Her- 
mann’s unifilar magnetometer were found, when determined in November, 1858, at the 
Kew Observatory: 1 


Large Ring. Small Ring. 


External diameter ) . . ( 3-4860 2-6978 ) 

Internal diameter ) 1 ( 2-7984 _ 1-9772 ) 

Weight in grains 925-64 738-42 


at 62° Fahr 


The rings employed with B 7 by Adolphe were lost with his instruments, and 
the maker, Mr. Jones, was unfortunately unable to supply us with the detail of their 
dimensions, but happily we had made, at Srin&gger, a very detailed series of compara- 
tive vibrations of Ll and B 7, employing both Hermann’s and Adolphe’s rings. The 
result was for B 7: log K — 0 '26891, which we adopt as the mean log K for all his 
observations. 

Robert’s determinations of the magnetic elements, along his route from Raulpindi 
to Bombay, were made with an apparatus which did not allow of the same detail as 
the two others. He used the larger magnet of Barrow’s Universal Magnetometer, the 
dimensions of which were: 

External diameter 0-298 inches 

Internal diameter . . . 0-166 „ 

Length 3-672 „ 

Weight. 329-97 grains. 

A comparison of Barrow’s magnet with the other magnets, at Raulpindi, December, 
1856, gave for Barrow’s magnet: 

q = 0-00022; |i = 0-00017 

m = 0-42600; log A = 0-45945. 


These 'are the values used for calculating Robert’s observations. 


1 The dimensions .of the inertia rings as given by the maker, in 1854, were: 


Large Ring. 

. . , ( 3*480 

m inches 

( 0*345 
925*72 


Small Ring. 
2*693 
0*362 
738*46 


External diameter 
Width 

Weight (in grains) 
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For deducing approximatively the total intensity, we were favoured in thin 
region by a very regular variation of the isoclinal lines. In the only two Btntioim 
for which the magnet Barrow Was employed, viz. at Shikarpur and Blmj, wo took 
the dip from our map, and then calculated the total intensity by tho formula 
generally used. 

[i. (= the inducing influence of the earth on the magnets employed) was deter- 
mined at Kew: 

for Ll = 0-000170 
for D2 = 0-000173; 

we adopt: 

for B 7 = 0-00017. 

r (= the distance of the magnets when placed on the deflection bar). It is corrected 

for graduation and temperature; r 0 being the apparent distance and the torn] xsratu row 
given in Fahrenheit, we get: 


r r o H~ 0-00001 (t 0 — 62) ^ -|- correction for error of scale. 

Each deflecting apparatus had a deflection bar, originally of brass, to receive tlm 
deflecting magnet at 1 foot and 1-3 foot distance. During a part of the experiments 
by Hermann, the second position was 1 foot 4 inches =1-33 foot, as specified in 
the detail of the elements of each observation. 

With tie deflection apparatus No. 1 the following bars were used (by Herman,,) ■ 

1. The ongmal brass bar by Barrow, ‘E?. This was stolen by a bull on tl,„ wav- 

up to Darjflmg. The man bad brought its empty cylindrioal case, and tho theft, was 
only discovered after he had made his escape. 

1 ■ I* of strong, well seasoned wood, which I r ( «,v,.„ 

, rough the kmdness of Captain Murray, the Engineer of the station. I divided it with 
a vataaUe standari foot scale, by Hofer at Berlin, into 1 foot and 1 foot 4 inches My 

wooden bar a, conststed of two pieces- (the proper position of which was secured bv t> 
apparatus itself), which I considered fb« w 1 * d l,y tho 

with the Calcutta standard foot in the S ° r tem P«rature, but a comparison 

dard foot, m the Snrveyor’s General’s office, showed an error of 

1 For convenience of carriage and avd™ p • • 

lung* in the middle, so as to fold up. " &dditional stren ^> brass bar might also be made with a 
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-f- O'- 005 for tlie unit of 1 foot (a deviation, however, of no importance), and no 
appreciable error for the unit of 1 foot 4 inches. A new brass scale “H 3 n was made 
in Calcutta, and was in use from March, 1856, till the end of the Survey. 

The deflection apparatus No. 2 was always used by Adolphe, with the original 
brass bar, the distances employed being 1 foot and 1*3 foot. 

• In the deflection apparatus No. 1, the supports for fixing the bar were placed at 
not perfectly equal distances from the centre, an error, which, as afterwards found, 
made the bar to be 0-012 foot too far to the right, viz. too far to the east, when 
looking north, and to the west, when looking south. The 'difference was only ascer- 
tained, when, after our return, all our apparatuses underwent a strict examination. 
For the observations themselves, this error in the construction of the instrument is of 
no consequence, as any such error is eliminated by the method of observation, in 
which the positive and negative errors of the readings (an equal number of observa- 
tions being taken an each side) balance each other. 

P (=the constant depending on the relative distribution of magnetism) is to be 
determined from several series of observations of deflection at two or more distances. 

Notwithstanding that this correction is very small, we have taken care repeatedly 
to ascertain the deflections in two different positions. We obtain P from the formula : 


P = 


A — A' 


A 

r i 


A ' 1 
r '2 


m 


where A — the value of from deflection at the distance r, and A ! — the same 

2L 

value for the distance r'. 


For the comparatively few stations where the deflection was made in one series 
only of positions of the deflecting magnet (at the distance of 1 foot), the value of 

0 in the formula for the vibration, was con- 


required for calculating the value |x 


sidered as not differing in the first three decimals from the value which would have 
been obtained, if the distance 1 • 3 foot had also been taken. This supposition is 
generally in accordance with the results of all the stations, where two positions had 
been observed. 

m {== the magnetic moment) had changed, comparatively speaking, very little. 
The circumstance that the magnets were always placed in the box with the greatest 
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possible care, and that they had been already made some time before our using them, 
may be the principal causes of this element remaining so constant. 

For the observations in Turkistan we adopt m = 0-4374, which is the mean of 
the values obtained at Leh, where it only varied between 0-4393, in July, and 0-4355, 
in September, 1856. 

For some other places where either vibration or deflection alone could be made, 
the value of m, as detailed in each single case, was taken from the two next obser- 
vations of the magnet. We calculate m to three, X to four decimals, the logarithmic 
values being equally correct in both cases. 1 


REMARKS ON THE APPARATUSES. 

Both„our vibration apparatuses 2 were made by Jones, London, and had a cir- 
cular scale above the telescope for reading off the observations of variation in minutes. 
Our two deflection apparatuses were also by the same maker. 

The two magnets, the suspended and the deflecting one, were always placed at 
right angles to one another (as first proposed by Lamont), and the angles of deflection 
were measured on a horizontal circle, which read 20" with the vernier. 

The deflecting apparatus No. 1 was used by Hermann, No. 2 by Adolphe and 
Robert, and both had a circular ivory scale , over the telescope, which we used in our 
observations of variation. A contrivance, by which the telescopes in the vibration 
and deflection apparatuses are allowed an upward and downward movement, greatly 
facilitates the adjustment of the suspended magnets. We adopted this improvement 
from one of Lamont’s Universal Magnetometers. We had no bifilar instruments 
with us. 

The resulting horizontal intensity would, strictly speaking, require simultaneous 
observations of deflection and vibration. But the daily variations being very small, and 
moreover, it being impossible to avoid small errors, arising partly from the imper- 
fection of the instruments themselves, partly from natural causes (such as influence of 

wf 

1 The small differences of — -when calculated for the different distances show for the magnets, as well as for 
the apparatus, a very minute accuracy. 

2 For details see: Riddle, pp. 63, 66. 
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the soil, &c.), we have applied no correction for reducing the observations of vibration 
and deflection to the same time. 

The horizontal, as well as the vertical and total intensity, was calculated from the 
results immediately obtained, without taking into consideration the difference of the 
time of observation. Also in our general map, including a smaller map of the territories 
examined by Captain Elliot, no corrections for the different periods of time are applied, 
chiefly on account of the annual variations being very small, and partly because they 
have not yet been defined with sufficient accuracy. 

We give, as example, a set of observations of horizontal intensity made at Calcutta 
in 1857, and the calculations connected with them. As explained above, p. 284, we 
introduce for K its mean value, the logarithm of which is O' 43821. 


i. 


37 
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EXAMPLE. 

No. 9 b . Calcutta, Lat. N. 22° 33' 1". 

A. Observations of Deflection. 

1857, April 12, 5 b p.m. Local Time. 

Magnets employed: Deflecting L 1; Deflected H 21; Deflection Bar H 3. Distances 1 foot; 1-3 foot. 
Temp, at 1 foot distance: 32°-0 0. = 89°-6Fahr.; at 1-3 foot distance: 31-6 C. = 88°-9 Fahr. 
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Long. East Green.: 88° 20' 34". Height: 5 feet above the Hugli -at mean height. 

B. Observations of Vibration. 

1857, April 12, 3 1 2 * * * 10 m p.m. Local Time. 

Magnet vibrated: LI. q = 0-00022, fj. = 0-00017. Effect of Torsion: 9' (at 0° = 273, at 90° = 282). 
Arcs, beginning: 85 to 461, ending: 200 to 346. Semiarcs: 188 and 73. Temp, of Magnet: 

33° -0 C. = 92° -4 Fahr. 


No. of 
Vibrations. 


Time by Ckron. 3. 
t « tick, ltf = 0 s *4. 


Difference. 


No. of 
Vibrations. 


Time by Chron. 3. 
t tick, It = 0 s ‘4. 


Difference. 


0 

10 

20 

80 

40 

50 

60 

70 

80 

90 

100 

200 

200 

210 

220 


h m b 

2 30 40- 
31 5- 

31 35- 

32 5- 
32 30- 

32 60- 

33 30- 

33 55- 

34 25- 

34 55- 

35 20- 
Calc. 2 40 0 
Obs. 2 39 60- 

40 30- 
40 60- 


-11# =35-6 

- 3# = 3-8 

- It, =32- 2 
- 12 # = 0-2 

- 3% #=28-6 

- 8# =56-8 
-13# =24-8 

- 5# =53-0 

- 9# =21-4 
-13V a #=49-6 

- 5y a #=17-8 

- 2# =59-2 

- 6# =27-6 
-10y a #=55-8 


28-2 

28-4 

28-0 

28-4 

28-2 

28-0 

28-2 

28-4 

28-2 

28-2 


28-4 

28-2 


230 

240 

250 

260 

270 

280 

290 

300 

500 

500 

510 

520 

530 

540 

550 


h m b it 

2 41 25— 3# =23-8 

41 55— 7# =52-2 

42 25-liy a #=20-4 

42 50— 4# =48-4! 

43 20— 9# =16-4 

43 50— 13y a #=44-6 

44 15—5# =13-0 
44 45— 9# =41-4 

Calc. 2 54 5-8 
Obs. 2 54 10— 9y a #= 6-2 

54 40—14# =34-4 

55 5- 6y a #= 2-4 

55 35— 10y a #=30-8 

56 5—15# =59-0 
56 30— 7y a #=27-0 


28-0 

28-4 

28-2 

28-0 

28-0 

28-2 

28-4 

28-4 


28-2 

28-0 

28-4 

28-2 

28-0 


One Single Vibration : 

h m b 

2 56 27-0 

2 30 35-6 

25 51-4 = 1551 s -4 = 2 8 -820 

550 vibr. 


37 * 
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Wq 

X n 


CALCULATION. 
Horizontal Intensity. 

A. Deflection. 


__ 1 / a.3 . nb‘ m 0 i 2u, . a ) m m' f . P\ 

_ /* r sm« 0 , ^ ^ j 1 + + («o~ t) q j; x ~ X' ( 1 ~ T?) 


r 0 — 1 foot. Temp. 89° -6 Fahr. u n — 6 ° 6' -6 

t 0 = 89° • 6 Fahr. 


r = 1-00028 


62° -0 
27° -6 


: — Hfl° 


80° -0 


1 + 


It _ 


r o a X° 

+ (t 0 — t)q = 0-00192 


9 °- 6 „ 

y»r, log = 9-69933 
sin « 0 log =• 9-02710 

1-00034 ^log = 8-72643 


2 p- 


l-h+r + (<o-<)2= 1-00226 . . . log = 0-00099 


log (A) 


m 

X 


log = 8-72742 


r' 0 = 1-3 foot. Temp. 88 ° • 9 Fahr. u' 0 = 

t 0 = 88 1 

, 62° -0 t - 80 

26° -9 t 0 — t 


1-30028 


8 C 


Va r ' 3 log 
sinw' 0 log 

1+^=1-00015 £ log 
+ (t 0 —t) 2 = 0-00178 


2,x 


1 +J^l+( # o— 02=1*00193 . . . log = 

r o 

log (A') = J log = 


A = 0-053385 

A' = 0-053544 

A— A' = -0-000159 


log (A— A') = 6-2014 


log A = 8-72742 log A' 
log r 2 = 0-00024 log r ' 2 

lQ g^-= 8-72718 log ^5 

A aV 

-o = 0-05335 — 

yi 2 


= 8-72872 
= 0-22808 

= 8-50064 
= 0-03167 


log (A— A') = 6 



log P =7 



A! 

r‘ 


— , = 0-02168 
a* " 2 


( r 2 r 'aj — 8-3361 


log P = 7-8653,, log P = 7-8653 n 
log r 0 2 0 • 0000 n log r' 0 3 = 0 - 22 79 

log = 7-8653 n log-^= 7 • 6374„ 

' O ^0 


p 

1 — — 2 = 1-00733 
'0 

log = 0-00317 
log ~ 8-72742 

AM 

log ^ = 8-73059 



P 

r ' a 
7 o 


= 2°47'-2 
• 9 Fahr. 


0-04109 

8-08679 

8-72788 

0-00084 

8-72872 

•2014 

•3361 

8653,, 


1-00434 

0-00188 

8-72871 


8-73059 
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t, = r 0 j 1 - 


s 


86400 


B. Vibration. 

iff* 


I , o-2 8 -820. Chron. Rate = 0 8 -17los. Tors.9'. # 0 =92-4; * = 80-0; * 0 -*=12°-4 Fahr. Semiarcs: 188; 73. 


+ .F 


1-00167 


— 2 (tf 0 —*)=— -0-00272 


m 


m ( 

: x 0 


^ 


0-00319 


(>- 


s 

aa\ 

86400“ 

"lej 


T 0 log = 0-45031 
= 9-99999 


T, log = 0-45030 
X 2 


Lx 


T, a log = 0-90060 


JEL / yyi 1 — 

2(^0— 0+Fj^ = 1-00214. . log = 0-00093 

T* log = 0-90153 


m = 0-4274 


X = 7-947 


lf ~X ~ A ' and mX = B ' then X = V” T> and m = V A B- 


7?K\ag = 1-43251 
T a log = 0-90153 
tVK 


-p-log = 0-53098 


m 


Y log = 8-73059 

X a log = 1-80039 
X log = 0-90019 
m log = 9-63079 


Total Intensity . . = 


X 

cos dip 


7-947 

cos 28° 22' -94 5 


Vertical Intensity =y'T a — X a = ]/{ 9 • 033) a — (7 • 947) a ; 


X log = 0-90019 
cos dip log = 9-94438 
Total Intensitiy log = 0-95581 


Vertical Intensity = V = 4-294 
Total Intensity = T = 9-033 


III. DIP AND VERTICAL INTENSITY. 

A. DIP. 

a. DIP CIRCLES USED. 

Our two dip circles were made by Barrow in the form described in Riddle, p. 84; 
but we had two additional holes made ( x / 3 inch in diameter) in the horizontal brass 
supports ; the position of the holes was such as to allow the lower end of the dip 
needle to be visible at low angles of inclination. Another slight modification we 
made by using ground glass, instead of transparent, in the side opposite to the vertical 
circle and its microscopes. This glass had a semi-transparent ring, of about the 
diameter of the length of the needles, which allowed of the outlines of the needles 
being seen with much greater distinctness, since the observations are not interfered 
with by the objects and the light behind the instrument. 
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The detailed example given below 1 will suffice without further explanation to 
show our method of observing. 

In the regions where the dip is very small and the vertical intensity very weak, 
it sometimes becomes very difficult to determine the magnetic meridian by the process 
of finding the positions at right angles to it, where the needle stands vertically. A 
tangent screw on the horizontal circle, which was wanting in our instrument, would 
have considerably facilitated this operation. We afterwards had one put on. 

In comparing different needles even with the same dip circle, the results are not 
absolutely the same, for every needle has an individual correction, partly occasioned 
by defects in the metal, partly by the irregularities of its axles. The dip circle itself 
also might not be entirely free from all admixture of magnetic metal. We, however, 
examined our instruments, and found them to be perfectly free (as far as controlable) 

i 

from all alloy, by the following experiment: The dip circle, without the magnet, was 
placed a little to the side of one end of a vibration magnet upon a board, where it 
could be turned completely round; the presence of magnetism in the instrument, even 
in the slightest degree, would have immediately been detected by a deflection of the 
magnet suspended. 

The errors of our needles were determined by three comparisons, at Bombay, at 
Simla, and at Srin&gger. Besides the four needles mentioned here, there were two 
spare needles, which, however, we had no occasion to use. 

1 Observations can also be made in different azimuths. If y) = the observed inclination of the needle, b the 
inclination sought, a the azimuth of the vertical circle, 

tan Sr = tan y) cos a. 

Also the' inclination observed in any two planes at right angles to each other will allow of the true inclination 
being deduced without the knowledge of the angle a, according to the formula : 

cotan 2 Sr — cotan 2 *^ 4- cotan 2 xf 
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l. COMPARISON OF THE DIP NEEDLES. 

1 . Bombay, December 1 , 1854, 2 h to 6 h p.m. Local Time. 

In a tent on alluvial soil, on the esplanade, 2% miles to the north of the Magnetic 
Observatory. 

Needle No. 1 . Needle No. 2. 


Face. 

Poles direct. 

End B = N. 

East 18° 28' -4 
West 18° 32' -1 

Poles reversed. 

End A = K 

18° 40' -5 

18° 48' -5 

Poles direct. 

End A = N. 

18° 35'-0 

18° 39' -0 

Poles reversed. 
End B=N. 

18° 21'-0 

18° 40' -0 

o5 

West 18° 29' -0 

18° 47' - 5 

18° 45' -0 

18° 35' -0 

CO 

§3 

East 18° 21' -5 

18° 47' -0 

o 

o 

o 

o* 

iH 

18° 47'- 0 

£ 

Ph 

Mean a 

Mean 

Mean a 

Mean p 


18° 27'- 75 

18°45'-87 

18° 44' -75 

18° 35'- 75 


^-±_P — is 0 36'. 81 _ 18° 40' • 25 

£ £ 


Needle No. 3. Needle No. 4. 



Poles direct. 

Poles reversed. 

Poles direct. 

Poles reversed. 

cu 

o 

End A — N. 

End B = K 

End A = N. 

End B = N. 

c3 

East 19° 21'- 5 

17° 35'- 5 

18° 50' -5 • 

18° 8'- 4 


West 19° 30' -5 

17° 54' -4 

18° 52' -0 

18° 39' -3 

CP 

West 19° 4'*0 

o 

05 

o 

t- 

1—1 

18° 46' -0 

18° 36'- 6 

CO 

g 

East l'9° 34' -4 

18° 13' -2 

18° 57' -5 

18° 42'- 5 

js 

Ph 

Mean a 

. Mean p 

Mean m 

Mean ($ 


19° 22'- 60 

17° 53' -03 

18° 51'-5 

18° 31'- 7 


37'- 82 ^-+i = 18° 41'. 6 

£ £ 


On the trap rocks near Breach Candy, where we lived with Mr. Ventz, in Sans-souci 
bangalo, the dip was found to be on an average 15' to 30' less, probably on account 
of the local magnetism of the rocks, their north poles being turned upwards. But on the 
instrument being raised 8 or 10 feet above the ground no disturbance could be observed. 
In general, local disturbances must be expected to have the greatest influence where, 
as in Southern India, the value of the vertical force is very small. 1 

1 Compare our remarks on the magnetic equator (at the end of this part) and the results obtained in its environs 
by Mr. J. A. Broun. 
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2. SfMLA, 1856, May 15, 3 h to 5 h p.m. Local Time. 

In the garden belonging to Ain Cottage, a house in the station. 

Our regular observations were made in General Boileau’s former magnetic otoworvii- 
tory, at some distance from the station; we preferred making the corn paviKon oi the 
needles at not too great a distance from our house. 


Needle No. 1. Needle No. 2. 



Poles direct. 

Poles reversed. 

Poles direct. 


Poles reversed, 


End A = N. 

End JB = JV. 

End B = N. 


End A. = N. 

CD 

East 42° 36'- 3 

42° 33'- 6 

42° 9'- 4 


42° 4 1 ' • 1 

e§ 

West 42° 38'- 0 

l 

42° 15'- 5 

42° 51'- 3 


42° ir>'.r> 

o 

West 42° 35' -0 

42° O'- 5 

42° 39' - 0 


42° 13'. 5 

1 

East 42° 27'- 5 

42° 22'-4 

42° 34' -0 


42° 23'- 4 

3 

Mean a 

Mean (1 

Mean a 


Mean p 

i 

42° 34' -2 

42° 18' -0 

42° 33' -42 . 


42° 23' -34 


a + & = 4j 
2 

!° 26' -10 

a + P 
2 

= 42° 28' -3H 


Needle No. 3. 

Needle No. 4. 


Poles direct. 

Poles reversed. 

Poles direct. 


Poles reversed 

ci 

End A = N. 

End B = N. 

End B — N. 


End A N. 

§ 

65. 

East 43° 36' -2 

41° 40' -5 

42° 55'- 5 


42° 30'. 5 


West 43° 14'- 5 

41° 46'- 0 

42° 32'- 4 


42° 21'.f> 

c 

West 43° 12'- 5 

41°*24'.5 

42° 44' -4 


42° 12' -5 

£ 

East 43° O'- 8 

41° 47'- 4 

44° 14'- 1 


42° Sl'.o 

> 

Mean a 

Mean p 

Mean a 


Mean 8 


1 43° 16'-0 

41° 39' -6 

42° 51'- 6 


42° 23'- 84 


L it j — 42 ° 27'. SO a + S 

2 ou — ~ = 42° 37' 


•72 
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3. Seinaggeb, 1856, October 23, 2 h to 3 h 50 m p.m. Local Time. 

In the garden “Shekh-bagh” under trees; where also our other magnetic observations 

have been made. 


Needle No. 1. 



Poles direct. 

Poles reversed. 

a5 

End B-N. 

End A = N. 

c§ 

ft, 

46° 29'- 5 

47° 10' -0 

46° 52'- 5 

47° O'- 5 


46° 51' -5 

46° 44' -5 

q 

46° 38' -5 

46° 43' -4 

CO 



5 

Mean a 

Mean (3 


46° 43' -0 

46° 54'- 6 


a + p 

2 “ 

46° 48'- 8 


Needle No. 3. 


Poles direct. 

Poles reversed. 


End A = N. 

End B — N. 

a3 

o 

47° 41' -4 

46° 27'- 1 

cd 

47° 34' -8 

46° 8' -6 


47° 29' -1 

46° 7'- 3 


47° 45' -5 

46° 24' -3 

B 



CD 

CD 

P3 

Mean a. 

Mean £3 

47° 37' -7 

46° 16' -83 


a ~t J* = 46° 57'. 27 

2t 


Needle No. 2. 


Poles direct. 

Poles reversed. 

End B = N. 

End A = N. 

46° 48' -4 

46° 28' -4 

46° 55'- 0 

46° 56' -1 

46° 52'- 7 

47° l'-9 

46° 43'- 3 

47° 2'- 3 

Mean a 

Mean £3 

46° 49'- 85 

46° 52' -18 


a ft = 46° 51'- 02 


Needle No. 4. 


Poles direct. 

Poles reversed. 

End A = N. 

End B = JST. 

46° 40'. 1 

46° 52' -3 

46 a 45'-4 

46° 45'- 3 

46° 39'- 3 

46° 16'- 4 

46° 41'- 9 

47° 11'- 4 , 

Mean a 

Mean £3 

46° 41'- 67 

46° 46' -35 


*±i = 46° 44'- 01 


i 


38 
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MEAN CORRECTION OF THE DIP NEEDLES. 


Bombay. 

Dip: 18 40-42 
No. 1. +3-61 

3 No. 2. -f 0-17 

•J No. 3. -2-60 

No. 4. — 1 • 18 


Simla. 

Srin&gger. 

42 30-00 

46 50-28 

+ 3-90 

-j- 1-48 

+ 1-62 

+ 0-74 

+ 2-20 

— 6-99 

— 7-72 

+ 6-27 


I 

cS 


<u 

S3 


-f 2-iMI 

|- o-;»n 

— 2 • 4 < * 

— 0-88 


The values of the last column will be found applied to the final results. Tin* 
needle No. 2 seemed to be decidedly the best; the correction being small anti varying 
very little. A correction for temperature is not necessary; but it seemed important 
that the needles should not get weak, by remaining too long without being ro-nmg- 
netised. We generally magnetised them afresh at every station. 

In reference to the comparison of the different stations, no correction for miming 
them to a common period was applied, the changes in so short a time being below 
the limit of accuracy obtained by absolute determinations. 1 

We conclude by giving a detailed example of our mode of observing the dip. 


EXAMPLE. 

So. 78". Dip « Urn, m Li*!*, 1856, September 28, 10 " L, ral Tim „ 
Needle No. 2. Dip Apparatus: Hermann. 

A. Orientation of tie Needle. 

Face of Needle to Face of Instrument t,- » xr ,, 

eui ' race of Needle reversed. 


3 


5 3 
iu 
3 
& 


Upper Microscope 
at 90°. 

24° 32' 


24° 14' 


at 90°.' 
24° 16' 


24° 50' 


Upper Microscope 

Lower Micro 

at 90°. 

O 

O 

■ts 

22° 16' 

22° 58' 

23° 11' 

24° :v 

: 2a° A7' k 



iTAcady; zo £ r • b. 

zz!:- ,u - 

1 Captain Elliot (Philosophical Transactions, 1851 „ 8l7Wn , . ' 

p«r annum, at Madras, from 1840 to 1849 , an incre’Je of J' 7 2 Tf*’ 1841 t0 I848 > a of 

' 8aB> “ inCreMe 0{ 19 '> tom 1856 to 1857, a deems! of™’ * ° bsemtions b*two*i 
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B. Readings of the Dip. 



Position 

of the 

Instru- 

ment. 

Poles direct. ! 

Poles reversed. 

North End = A. 

North End = B. 

Headings of Needle No. 2. , 



Readings of Needle No. 2. 

Face of Needle 

to Face of Instrument. 

1 

Upper End. 

Lower End. 

Means. 

Upper End. 

Lower End. 

Means. 

o / 

46 37 

46 37 

46 38 

0 / 

46 58 

46 58 

46 57 

46 47-5 

46 47-5 

46 47-5 

0 / 

46 43 

46 42 

46 41 

46 40 

O / 

47 9 

47 10 

47 8 

47- 7 

46 56-0 

46 56-0 

46 54-5 

46 53-5 


Mean = a . . 46 47-5 

Mean = h . . 46 55-0 

to 

s> 

46 17 

46 17 

46 15 

46 18 

47 11 

47 11 

47 14 

47 16 

46 44-0 

46 44-0 

46 44-5 

46 47-0 

46 58 

46 57 

47 .0 

46 55 

46 53 

46 55 

46 56-5 

46 55-0 

46 57-5 

Mean. = a 1 . . 46 44*87 

ft 

!ean = V . 

. 46 56-33 

Face of Needle 

reversed. 

tio 

46 30 

46 36 

46 37 

46 36 

47 7 

47 15 

47 4 ■ 

47 3 

46 48-5 
461.55.5 

46 50-5 

46 49-5 

47 7-0 

47 6-5 

47 5-0 

46 28-5 

46 28-0 

46 25-5 

46 47-75 

46 47-25 

46 45-25 

ft 

lean = a" . . 46 51-0 

| Mean == b" . 

. 46 46-75 

•+i 

3 

w 

46 26 

46 25 

46 30 

46 44 

46 45 

46 50 

46 35-0 

46 35-0 

46 40-0 

47 15-0 

47 14-5 

47 15-0 

47 0-5 

47 1-0 

47 1-5 

47. 7-75 

47 7-75 

47 8-25 

Mean = a 1 " . . 46 36-67 

a" . . 46 51-0 

a! . . 46 44-87 

a . . 46 47-50 

Mean of Means = a . . 46 45 • 02 

Mean = V" . 47 7-92 

b" . . 46 46-75 

V . . 46 56-33 

b . . 46 55-00 

Mean of Means = p . . 46 56-51 
a . . 46 45-02 


P = Dip ... . . 46 50-77 

Correction of Needle 2 . . . + 0 0*35 
Dip corrected 46 51-12 


38 * 
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JB. VERTICAL INTENSITY. 

The vertical intensity(== V) was deduced, T and H = total and horizontal intensity 
being previously calculated, by the formula: 

V = 1/T* — W. 

In the Bombay Observatory the variations of the vertical intensity are obtained 
by direct observation; they are also periodically determined according to our method of 
calculation. 


IV. TOTAL INTENSITY. 

The formula for deducing the total intensity, 1\ from the dip or inclination and 
the horizontal intensity, is 

T = X sec * = -2L , 

COS S' 

where X is the horizontal intensity, $ the angle of the dip. 

In some few cases, where two of our stations were very close to each other, 
either the horizontal intensity or the dip, when not obtained by direct observation, 
could be interpolated for calculating the probable value of the total intensity. 

In the proceedings of the Royal Irish Academy for 1857, a very ingenious method 
for the determination of the total intensity is described by -Dr. Lloyd. He uses 
a dip circle furnished with three needles, one of which is to be employed for the 
ordinary observations of dip, and the two others for observations of intensity. 

The product of the earth’s magnetic force by the magnetic moment of the needle, 
wX, is obtained by observing the position of equilibrium of the dipping needle No. 2, 
loaded with small weights, and the ratio of the same quantities, -J-, is found by using 
needle No. 2 to deflect another needle, No. 3, substituted in its place. 

If Y) = the inclination of needle No. 2 with its weights, u = the difference 
between the dip observed by needle No. 1 and the inclination of needle No. 2 with 
its weights, and u' = the deviation of needle No. 3 from the direction of the magnetic 
force when deflected by needle No. 2, the total force will be given by the formula: 



TOTAL INTENSITY. 


SOI 


A — the constant, which can be obtained either from direct observations, or, still 
better, by observing the absolute horizontal intensity at some one station with a uni- 
filar magnetometer, and by- making simultaneously with it a determination of the 
dip and of -tj, u, u', after the foregoing method. 

If r denotes the value of the radical 


VI 


sm u sm w 


at this station, and X the horizontal intensity in absolute measure, we have 


r cos dip. 



SECTION IV. 

GENERAL RESULTS OF THE CORRESPONDING MAGNETIC 
OBSERVATIONS AT BOMBAY. 


I Declination. II. Horizontal Intensity. HI. Dip. IV. Vertical Intensity. V. Total Intensity. 


In the following tables we give the principal mean results of the Bombay magnetic 
observations, which are published for every year at Bombay by the zealous superinten- 
dent, Lieutenant E. E. 1. Eergusson, LN. These tables give a very characteristic apergu 
of the magnetic elements and their variations, and we shall have occasion to return 
to them for comparison, when communicating the detail of our own observations. 1 
Days of disturbances are marked by asterisks (*). 

The declination at Bombay is East. 

The following are the days of disturbances for 1854-7: 

1854. November 1 and 8. 

1855. Eebruary 8; March 12; April 4; May 27 ; July 18, 19, and 20; September 27; 
October 2, 18, and 19; December 30. 

1856. No disturbance great enough to be measured occurred this year. 

1857. May 7; September 2, 3, and 21; December 16, 17, 18, 27, and 28. 

On all these days the disturbances were not very great. 2 It so happened that 
only one day, on which absolute determinations were taken by us, coincided with 

r The means of some corresponding observations, communicated to us at Madras for the period of our travels 
in Southern India, are contained Section. V., Group V., Station Ho. 35. 

a In higher latitudes the disturbances are not only much greater, but also show periodical laws decidedly 
marked. See the most interesting researches of General Sabine, 11 On Periodical Laws discoverable in the Mean 
Effects of the larger Magnetic Disturbances”. Philosophical Transactions. Eebruary 27, 1851. 



GENERAL RESULTS OF THE CORRESPONDING- MAGNETIC OBSERVATIONS AT BOMBAY. 303 

a day, when disturbances were observed at Bombay. This was the 30th December 
1855, when observations at Udelguri, station 3, were made. 


L DECLINATION. 

DECLINATION: 1 , Mean Yearly Values. 


Year. 

Mean 

Easterly 

Declination. 

Year. 

Mean 

Easterly 

Declination. 

■1 

14-02 

1853 

18-13 

mBM 

14-39 

1854 

18-09 

1849 

14-66 

1855 

19-34 

1850 

15-85 

1856 

18-92 

1851 

16-78 

1857 

19-28 

1852 

16-75 




DECLINATION: 2, Mean Monthly Values. 



Mean Easterly Declination. 


Mean Easterly Declination. 

Month. 

1864 . 

1855 . . 

1856 . 

1857 . 

Month. 

1854 . 

1855 . 

1856 . 

1857 . 

January 

18-92 

19-12 

18-64 

19-80 

September 

16-84 

19-03 

18-85 

, 

18-86 

February 

19-08 

19-32 

18-96 

20-02 

October 

18-79 

19-34 

19-15 

18-06 

March 

18-76 

19-38 

18-68 

20-00 

November 

18-09 

19-53 

19-57 

18-69 

April 

18-48 

19-38 

18-55 

19-52 

December 

18-57 

19-51 

19-77 

18-96 

May 

June 

18-13 

17-78 

19-57 

19-35 

18-81 

18-75 

19-69 

19-81 

Mean of Winter 1 

18-70 

19-37 

19-13 

19-26 

July 

16-78 

19-23 

18-41 

19-06 

Mean of Summer 2 

17-47 

19-31 

18-72 

19-30 

. 

August 

16-82 

19-31 

18-94 

18-86 

Mean of the Year 

18-09 

19-34 

18-92 

19-28 


1 Winter 


( January, February, March, 

I October, November, December. 
( April, May, June, 

( July, August, September. 


2 Summer = 
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DECLINATION: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

A. 1854. 


Date. 

January. I 

"ebruary. 

March. | 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 


/ 

/ 

, 1 

/ 

/ 

/ 

i 

/ 

/ 

/ 

/ 

/ 

i ■ 

18-46 

18-85 

18-95 

. . . 

17-95 

18-54 

. . . 

16-70 

16-91 

18-92 

18-64 

18-94 

2 4 

‘19-44 

19-05 

18-70 

19-04 

18-25 

18-62 

18-86 

16-47 

. . . 

18-78 

17-84 

• • • 

3 

19-41 

18-89 

18-32 

18-61 

18-10 

. . . 

16-33 

16-91 

16-63 

18-77 

18-08 

18-19 

4 

19-04 

. . . 

. . . 

-18-42 

17-93 

18-57 

17-01 

16-99 

16-78 

18-75 

. . . 

18-16 

5 

19-06 

18-97 

18-44 

18-41 

18-34- 

18-55 

16-77 

. . . 

16-45 ' 

19-00 

18-04 

18-39 

6 

18-54 

18-78 

18-62 

18-15 

. . . 

18-53 

16-63 

16-64 ' 

16-90 

18-74 

17-65 

18-29 

7 

< . . 

19-06 

18-86 

18-36 

17-74 

18-17 

16-50 

. . . 

16-85 

. . . 

17-91 

18-39 

8 

18-99 

19-00 

18-65 

. . . 

18-43 

18-10 

. . . 

16-78 

16-70 

20-12 

17-99 

18-37 

9 

19-19 

18-68 

18-75 

18-42 

18-84 

17-97 

16-90 

16-50 

. . . 

19-23 

17-98 

. . . 

10 

18-72 

19-44 

18-83 

18-65 

18-42 

• . . 

17-38 

16-95 

16-55 

19-38 

17-84 

18-38 

11 

19-13 

. . . 

... 

18-65 

18-32 

17-60 

17-23 

16-89 

*17-35 

18-86 

• . . 

18-35 

12 

18-77 

19-07 

18.- 62 

18-48 

18-11 ' 

18-27 

17-13 

. • • 

17-16 

18-49 

17-52 

18-17 

13 

18-60 

19-11 

18-53 

... 


17-87 

16-69 

16-78 

16-51- 

18-55 

18-05 

18-15 

14 

. . . 

19-13 

• • ,* 

18-75 

17-62 

17-59 

16-86 

16-86 

16-77 

. . . 

18-05 

18-33 

15 

19-04 

19-45 

19-47 

... 

18-39 

17-80 

. . • 

16-89 

16-43 

18-21 

18-05 

18-13 

16 

18-60 

19-32 

19-53 

18-62 

18-55 

17-16 

16-48 

16-42 

... 

18-42 

17-92 

• -. • 

17 

19-11 

19-16 

19-11 

18-48 

17-80 

. . . 

16-83 

16-88 

17-01 

17-88 

17-87 

18-28 

18 

18-81 

. . . 

. . . 

17-71 

17-98 

17-61 

17-07 

16-74 

16-91 

18-23 

. . . 

18-86 

19 

19-25 

19-07 

18-64 

18-29 

18-10 

17-82 

16-43 


16-94 

18-69 

18-04 

18-67 

20 

19-06 

18-60 

18-74 

18-47 

. . . 

17-69 

16-55 

16-81- 

16-56 

... 

17-36 

18-92 

21 

. . . 

18-64 

18-86 

18-72 

18-48 

17-59 

16-56 

17-01 

17-14 

18-65 

18-07 

19-00 

22 

18-74 

18-50 

18-80 

. . . 

17-98 

17-34 

. . . 

16-92 

17-09 

18-34 

17-99 

18-81 

23 

18-98 

18-92 

18-65 

18-83 

. . . 

17-60 

16-65 

16-87 

. . • 

18-91 

18-03 

. . . 

24 

19-83 

19-47 

18-39 

18-64 

16-68 

. . . 

16-86 

16-64 

16-72 

19-08 

18-87 

. . . 

25 

18-70 

19-42 

. . . 

18-49 

18-41 

17-29 

16-98 

16-77 

17-03 

19-55 

18-72 

18-85 

26 

18-62 

. . . 

18-76 

18-36 

18-29 

17-46 

16-80 

16-97 

16-77 

19-14 ‘ 

... 

18-57 

27 

18-29 

20-02 

19-07 

18-32 

17-86 

17-15 

16-85 

• • * 

17-19 

... 

18-27 

18-96 

28 

. . . 

19-31 

*19-89 

18-33 

. . . 

17-35 

16-91 

17-09 

16-88 

18-66 

18-69 

18-92 

29 

18-94 

. . . 

18-96 

. . . 

18-14 

17-36 

. . . 

16-82 

17-31 

18-53 

18-52 

. 19-05 

30 

18-76 

. . . 

18-32 

18-40 

18-41 

18-75 

16-35 

16-94 

. . . 

18-65 

18-41 

. . . 

31 

19-20 

... 

18-44 


18-30 

. . . 

16-54 

16-97 


. . . 

. . . 

19-07 


* Abnormal day, or a day on which this element was disturbed. 
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DECLINATION : 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

A. 1854. 


Date. 

January. ] 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 ’ 

18-46 

18-85 

18-95 

. . . 

17-95 

18-54 

. . . 

16-70 

16-91 

18-92 

18-64 

18-94 

2 51 

‘19-44 

19-05 

18-70 

19-04 

18-25 

18-62 

18-86 

16-47 

. . . 

18-78 

17^84 

. . . 

3 

19-41 

18-89 

18-32 

18-61 

18-10 

. . . 

16-33 

16-91 

16-63 

18-77 

18-08 

18-19 

4 , 

19-04 

. . . 

. . . 

18-42 

17-93 

18-57 

17-01 

16-99 

16-78 

18-75 

. . . 

18-16 

5 

19-06 

18-97 

18-44 

18-41 

18-34- 

18-55 

16-77 

. . . 

16-45 ‘ 

19-00 

18-04 

18-39 

6 

18-54 

18-78 

18-62 

18-15 

. . . 

18-53 

16-63 

16-64 ' 

16-90 

18-74 

17-65 

18-29 

7 

4 . . 

19-06 

18-86 

18-36 

17-74 

18-17 

16-50 

. . . 

16-85 

. . . 

17-91 

18-39 

8 

18-99 

19-00 

18-65 

. . . 

18-43 

18-10 

. . . 

16-78 

16-70 

20-12 

17-99 

18-37 

9 

19-19 

18-68 

18-75 

18-42 

18-84 

17-97 

16-90 

16-50 

. . . 

19-23 

17-98 

. . . 

10 

18-72 

19-44 

18-83 

18-65 

18-42 

. . . 

17-38 

16-95 

16-55 

19-38 

17-84 

18-38 

11 . 

19-13 

. . . 

, , . ‘ 

18-65 

18-32 

17-60 

17-23 

16-89 

*17-35 

18-86 

. . . 

18-35 

12 

18-77 

19-07 

18.- 62 

18-48 

18-11 

18-27 

17-13 

. . . 

17-16 

18-49 

17-52 

18-17 

13 

18-60 

19-11 

18-53 


. . . 

17-87 

16-69 

16-78 

16-51 • 

18-55 

18-05 

18-15 

14 

... 

19-13 

« • • 

18-75 

17-62 

17-59 

16-86 

16-86 

16-77 

. . . 

18-05 

18-33 

15 

19-04 

19-45 

19-47 

... 

18-39 

17-80 

. . . 

16-89 

16-43 

18-21 

18-05 

18-13 

16 

18-60 

19-32 

19-53 

18-62 

18-55 

17-16 

16-48 

16-42 

. . . 

18-42 

17-92 

• -. • 

17 

19-11 

19-16 

19-11 

18-48 

17-80 

. . . 

16-83 

16-88 

17-01 

17-88 

17-87 

18-28 

18 

18-81 

. . . 

. . . 

17-71 

17-98 

17-61 

17-07 

16-74 

16-91 

18-23 

. . . 

18-86 

19 

19-25 

19-07 

18-64 

18-29 

18-10 

17-82 

16-43 

. . . 

16-94 

18-69 

18-04 

18-67 

20 

19-06 

18-60 

18-74 

18-47 

. . . 

17-69 

16-55 

16-81' 

16-56 

. . . 

17-36 

18-92 

21 

. . . 

18-64 

18-86 

18-72 

18-48 

17-59 

16-56 

17-01 

17-14 

18-65 

18-07 

19-00 

22 

18-74 

18-50 

18-80 

. . . 

17-98 

17-34 

. . . 

16-92 

17-09 

18-34 

17-99 

18-81 

23 

18-98 

18-92 

18-65 

18-83 

. . . 

17-60 

16-65 

16-87 

. . . 

18-91 

18-03 


24 

19-83 

19-47 

18-39 

18-64 

16-68 

. . . 

16-86 

16-64 

16-72 

19-08 

18-87 

. . . 

25 

18-70 

19-42 

. . . 

18-49 

18-41 

17-29 

16-98 

16-77 

17-03 

19-55 

18-72 

18-85 

26 

18-62 

. . . 

18-76 

18-36 

18-29 

17-46 

16-80 

16-97 

16-77 

19-14 ' 

. . . 

18-57 

27 

18-29 

20-02 

19-07 

18-32 

17-86 

17-15 

16-85 


17-19 

. . . 

18-27 

18-96 

28 

. . . 

19-31 

*19-89 

18-33 


17-35 

16-91 

17-09 

16-88 

18-66 

18-69 

18-92 

29 

18-94 

. . . 

18-96 

. . . 

18-14 

17-36 

. • . 

16-82 

17-31 

18-53 

18-52 

. 19-05 

30 

18-76 

. . . 

18-32 

18-40 

18-41 

18-75 

16-35 

16-94 


18-65 

18-41 

. . . 

31 

19-20 

... 

18-44 

• • • 

18-30 

• • • 

16-54 

16-97 

. . . 

. . . 

. . . 

19-07 


* Abnormal day, or a day on which this element was disturbed. 
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DECLINATION : 3, Mean Daily Yaltjes, 
for each Day of Gottingen Mean Time. 

B. 1855, 


Date. 

January. 

February. 

March. 

April. 

May. 







Dec. 


/ 

/ 



/ 

/ 


/ 


/ 

l 


/ 


/ 

/ 

/ 


/ 


i 

19-08 

19- 

35 

19- 

53 

19 

45 

19- 

69 

19-80 

19 

17 

19- 

62 

. . . 

19-43 

19 

51 

. . 

. 

2 

19-09 

19- 

23 

. 

. 

19 

15 

19- 

94 

. . . 

19 

32 

19- 

03 

19-00 

18-94 

19 

71 

19 

58 

3 

19-19 

. 

. 

. 

. 

19 

14 

19- 

87 

19-71 

19 

12 

19- 

36 

19-23 

19-78 

. 

. 

19 

59 

4 

19-16 

19 

16 

20 

04 

*19 

52 

19- 

39 

19-80 

18 

64 

. 

• - 

19-08 

19-29 

19 

34 

19 

61 

5 

19-13 

19 

14 

19 

12 

. 

. 

. • 

. 

19-57 

18 

93 

18- 

74 

19-26 

19-49 

19 

92 

19 

70 

6 

... 

18 

90 

19 

31 

19 

37 

19- 

59 

19-49 

19 

15 

19- 

55 

19-08 

... 

19 

43 

19 

58 

7 

19-14 

19 

26 

18 

97 

. 

. 

19- 

38 

19-36 

. 

. 

19- 

20 

18-70 

19-27 

19 

50 

19 

22 

8 

18-98 

*19 

59 

19 

11 

19 

41 

19- 

92 

19-62 

18 

85 

19- 

27 

. . . 

19-13 

19 

44 

. 

. 

9 

18-94 

19 

59 

19 

45 

19 

44 

19- 

70 

. . . 

19 

04 

19- 

39 

18-74 

19-25 


. 

19 

37 

10 

18-71 

. 

. 

. 

. 

19 

43 

19 

31 

19-09 

18 

87 

18- 

99 

18-77 

19-01 

. 

. 

19 

33 

11 

19-29 

19 

50 

19 

51 

19 

56 

19 

58 

19-56 

18 

93 

. 

. 

19-14 

19-35 

19 

39 

19 

40 

12 

19-03 

19 

43 

*19 

85 

19 

19 

. 

. 

18-69 

18 

89 

19 

30 

*19-04 

19-42 

19 

51 

19 

65 

13 

. . . 

19 

18 

19 

68 

19 

47 

19 

76 

19-30 

18 

89 

19 

30 

18-82 

. . . 

19 

49 

19 

54 

14 

19-07 

19 

20 

19 

30 

. 

. 

19 

54 

19-50 

. 

. 

19 

16 

19-26 

19-45 

19 

35 

19 

74 

15 

19-23 

19 

39 

19 

34 

19 

45 

19 

73 

18-98 

19 

11 

18 

94 

. . . 

19-36 

19 

62 

. 

. 

16 

18-98 

19 

31 

19 

45 

19 

33 

19 

75 

. . . 

18 

96 

19 

59 

19-24 

19-40 

19 

67 

19 

59 

17 

18-94 

. 

. 

. 

. 

19 

49 

19 

43 

19-14 

19 

12 

19 

60 

18-79 

19-16 

, 

. 

19 

61 

18 

19-28 

19 

23 

19 

37 

19 

45 

19 

40 

18-90 

*19 

01 

. 

. 

19-34 

*19-89 

19 

65 

19 

92 

19 

19-01 

19 

38 

19 

74 

19 

27 


. 

19-01 

*19 

14 

19> 

61 

19-11 

*19-63 

19 

70 

19 

80 

20 

. . . 

19 

43 

19 

46 

19 

43 

19 

41 

19-21 

*19 

55 

19 

55 

19-19 

. . . 

19 

55' 

20 

04 

21 

19-07 

19 

48 

19 

48 

. 


19 

35 

19-25 

. 

. 

19 

47 

18-97 

19-34 

20 

02 

19 

80 

22 

18-95 

19 

34 

19 

29 

19 

44 

19 

21 

19-66 

19 

92 

19 

11 

. . . 

19-30 

19 

27 

. ' 

. 

23 

18-78 

19 

20 

19 

09 

19 

23 

. 

. 

... 

19 

92 

19 

50 

18-99 

19-34 

19 

49 

19 

68 

24 

19-34 

19 

37 

. . 


19 

48 

19 

68 

19-43 

.19 

54 

19 

41 

19-26 

19-49 

19 

39 

. 

. 

25 

19-12 

. 

. 

19 

05 

19 

48 

19 

43 

19-27 

19 

61 

. 

. 

18-87 

19-20 


. 

19 

29 

26 

19-29 

19 

67 

19 

34 

19 

22 

19 

65 

19-17 

19 

55 

. 

, 

18-65 

19-25 

19 

39 

18 

97 

27 

. . . 

19 

27 

19 

09 

19 

40 

*19 

74 

19-19 

19 

51 

19 

02 

*19-06 

. . . 

19 

41 

19 

21 

28 

19-35 

19 

47 

19 

46 


. 

' , 

. 

19-24 

. , 

. 

19 

29 

19-00 

19-25 

19 

25 

19 

14 

29 

19-41 

. 


19 

17 

19 

61 

20 

04 

19-40 

19 

82 

19 

19 

- - - 

19-32 

19 

85 

. 


30 

19-26 



19 

36 

19 

25 

19 

70 

... 

19 

36 

19 

12 

19-36 

19-28 

19 

45 

*18 

98 

31 

19-53 

' 

• • 

• 

• 



19 

91 

... 

19 

20 

19 

74 

. . . 

19-36 

;== 

■ - 

18 

95 


i. 


39 
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MA&NETIO OBSERVATIONS. 


DECLINATION : 3,- Mean Daily 'Values, 


for each Day of Gottingen Mean Time. 
0. 1856. 


Date. « 

tanuary. F 

» 

ebruary. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oet. 

Nov. 

Dec. 

1 

18-32 

19-14 

/ 

18-44 ' 

18-68 

/ 

18-91 

18-52 

18-76 

19-02 

/ 

19-68 

2 

17-73 


18-72 

18-64 

18-64 

18-77 

18-91 

. . . 

18-44 

18-85 

19-00 

19-56 

3 

17-18 

18-96 

18-74 

18-64 

* • • 

18-59 

18-10 

19-01 

18-92 

18-53 

19-49 

19-87 

4 

16-62 

18-71 

18-64 

18-68 

18-71 

18-65 

18-62 

19-14 

18-69 

. . . 

19-15 

19-89 

5 


18-93 

18-44 

. . • 

18-40 

18-60 

. . . 

19-14 

18-61 

19-33 

19-14 

19-86 

6 

17-73 

18-69 

18-82 

18-74 

18-64 

18-82 

18-04 

18-91 

. . . 

19-02 

19-44 

. . . 

7 

17-50 

18-82 

18-87 

18-15 

18-73 

. . . 

18-55 

19-10 

18-82 

19-10 

19-54 

19-80 

8 

18-20 

18-75 

... 

18-31 

18-80 

18-95 

18-71 

19-10 

18-80 

18-76 

. . . 

19-71 

9 

18-55 


18-79 

18-27 

18-46 

18-36 

18-87 

. . . 

19-13 

18-98 

19-48 

19-99 

10 

18-90 

18-69 

18-49 

18-20 

. * • 

18-36 

18-59 

18-67 

19-15 

18-90 

19-51 

19-60 

11 

18-89 

19-13 

18-61 

18-06 

18-70 

18-78 

18-54 

19-06 

19-10 

. . . 

19-87 

19-82 

12 


19-01 

18-21 

... 

18-86 

18-81 

. . .' 

18-79 

18-69 

*19-34 

19-64 

19-68 

13 

19-37 

18-91 

18-53 

18-48 

18-32 

18-73 

18-54 

18-87 

. . . 

19-22 

19-64 

. . . 

14 

19-01 

18-91 

18-55 

18-36 

19-04 

. . . 

18-46 

. . . 

18-82 

19-24 

19-67 

19-60 

15 

19-37 

18-92 

. . . 

18-50 

19-02 

18-50 

18-66 

18-92 

18-87 

19-27 

. . . 

19-87 

16 

19-22 

. • • 

18-52 

18-73 

18-92 

18-74 

18-43 

. . . 

19-11 

19-18 

19-79 

19-65 

17 

19-31 

19-13 

18-86 

18-72 

. . . 

18-84 

18-35 

18-79 1 

19-33 

19-12 

19-70 

19-69 

18 

19-15 

19-46 

18-57 

19-06 

18-77 

18-62 

18-05 

18-94 

19-01 

. . . 

19-70 

19-94 

19 

• • • 

18-76 

18-94 

. . . 

19-06 

18-74 

. . . 

18-98 

18-81 

18-77 

19-62 

19-72 

20 

18-65 

19-14 

. . . 

19-01 

18-98 

18-76 

17-75 

18-96 

. . . 

19-33 

19-92 

. . . 

21 

19-10 

19-21 

. . . 

18-62 

18-92 

. . . 

17-61 

18-64 

18-69 

19-06 

19-84 

19-90 

22 

18-65 

19-06 

. . . 

18-68 

18-78 

18-67 

17-78 

18-82 

18-90 

19-63 

. . . 

19-86 

23 

18-96 

19-03 

18-86 

18-53 

. . . 

18-99 

18-14 

. • • 

18-81 

19-38 

19-44 

19-53 

24 

18-54 

... 

18-95 

18-65 

• . . 

19-18 

17-85 

*18-99 

18-85 

19-45 

19-57 

19-87 

25 

19-07 

18-74 

18-67 

18-40 

19-03 

19-24 

18-05 

19-16 

' 18-67 

. . . 

19-37 

19-75 

26 

... 

18-86 

18-55 

. . . 

19-14 

18-70 

. . . 

19-15 

18-91 

. . . 

19-37 


27 

19-12 

19-01 

18-93 

18-82 

19-03 

18-98 

18-68 

19-08 

. . . 

19-32 

19-81 

. . . 

28 

18-69 

19-08 

18-62 

18-59 

18-62 

. . . 

18-78 

18-82 

18-72 

19-12 

19-57 

20-03 

29 

19-36 

18-90 

. . . 

18-49 

19-00 

18-79 

18-64 

18-97 

18-68 

19-43 

19-92 

*19-98 

30 

18-83 

. . . 

18-74 

18-62 

18-94 

18-56 

18-58 

19-14 

18-79 

19-28 

■ - • 

19-71 

31 

19-14 

. . . 

18-62 

| ... 

19-00 

. . . 

18-85 

. . . 


19-33 

... 

19-65 


GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


DECLINATION : 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

D. 1857. 


Date. 

January. 

February. 

March. 

April. 

H 






m 

PM 

i 

19-49 

20-12 

/ 

19-92 

19-36 

19-96 

; 

18-90 

/ 

19-31 

17-98 

18-18 

is '- 38 

2 

19-56 

19-80 

20-01 

20-12 

. .. 

20-19 

18-58 

18-55 

18-64 

17-90 

18-07 

18-48 

3 

. . . 

20-25 

20-00 

19-82 

19-28 

19-80 

18-66 

18-82 

* 19-34 


18-40 

18-12 

4 

19-41 

19-79 

20-03 

. . . 

19-12 

20-22 

.... 

... 

* 19-38 

17-71 

18-66 

18-48 

5 

19-73 

19-96 

19-79 

19-69 

19-02 

19-89 

18-92 

19-02 

. . . 

18-14 

18-65 

... 

. 6 

19-81 

19-60 

19-65 

19-77 

19-14 

. . . 

19-05 

18-61 

19-04 

17*81 

18-43 

18-79 

7 

19-87 

. . . 

. . . 

19-64 . 

* 18-50 

19-84 

18-89 

18-77 

19-46 

17-84 

■ • • * 

18-53 1 

8 

19-77 

20-22 

19-92 

19-76 

19-83 

19-64 

18-80 

• ■ • 

19-15 

17-53 

18-43 

18-53 

9 

19-71 

20-13 

19-74 

* * V 

. . . 

19-60 

19-26 

18-91 

19-03 

17-67 

18-58 

18-93 

10 

. . . 

. 20-13 

... 

19-34 

20-26 

19-76 

19-07 

19-00 

19-38 

... 

18-71 

18-88 

11 

19-59 

20-02 

20-06 

. . . 

20-33 

19-83 

. . . 

18-46 

19-30 

17-92 

18-70 

18-02 

12 

19-71 

20-11 

19-87 

19-79 

19-93 

19-89 

19-01 

19-00 

. . . 

17-89 

18-82 

» . . 

13 

19-60 

19-70 

20-23 

19-54 

19-61 

. . . 

19-55 

18-84 

19-05 

17-76 

18-76 

18-72 

14 

19-63 

. . . 

. . . 

19-57 

19-74 

19-92 

19-19 

. . . 

19-37 

17*70 

. . . 

18-59 

15 

19-69 

20:10 

20-03 

19-31 

19-77 

19-60 

19-24 

. . . 

19-18 

17*74 

18-70 

18-84 

16 

19-95 

20-28 

19-86 

18-83 

• . . 

20-08 

19-11 

18-62 

19-46 

. .. 

18*77 

* 18-60 

17 

. . . 

19-98 

20-18 

19-31 

19-45 

19-84 

19-30 

18-78 

19-38 

. . . 

18-98 

* 20-60 

18 

19-80 

20-01 

20-39 


19-62 

19-98 

• . * 

18-66 

19-51 

18-52 

19-62 

* 19-90 

19 

20-01 

20-22 

19-97 

19-65 

19-93 

19-92 

19-43 

18-76 

. . . 

18-23 

18 - 72 ; 

... 

20 

19-81 

19-99 

20-07 

19-45 

19-72 

. . • 

18-97 

18-83 

18-78 

18-29 

18-66 

19-22 

21 

19-86 

. . . 

. . . 

19-41 

19-96 

19-87 

18-69 

19-02 

19-72 

18-07 

* 

19-44 

22 

19-60 

19-83 

19-85 

19-17 

20-07 

19-81 ' 

19-50 

. . . 

19 - 20 ' 

17-96 

18-60 

19-30 

23 

20-03 

19-88 

19-68 

19-27 

. . . 

19-44 

19-13 

19-02 

18-33 

18-36 

19-07 

19-46 

24 

. . . 

19-98 

20-63 

19-84 

19-73 

19-91 

19-68 

19-96 

17-78 

... 

18-98 

. . . 

25 

20-31 

19-85 

20-02 

. . . 

19-87 

19-48 

. . . 

19-16 

17-68 

18-44 

18-92 

18-03 

26 

20-09 

20-02 

20-13 

19-32 

19-89 

19-70 

19-07 

18-82 

. . . 

18-34 

18-54 

. . . 

27 

19-95 

20-01 

19-86 

19-53 

19-86 

. . . 

18-98 

19-02 

18-08 

18-15 

18-95 

* 19-30 

28 

19-93 

20-30 

... 

19-15 

19-71 

19-72 

19-10 

18-76 

18-01 

18-01 

18 - 56 

* 19-48 

29 

19-84 

. . . 

20-25 

19-22 

19-49 

19-99 

19-24 

18-89 

17-89 

18-70 

. . . 

19*24 

30 

20-01 

. . . 

20-07 

19-45 

19-63 

19-13 

18-52 

. . . 

18-17 

18-73 

18-61 

20-08 

31 



19-80 

• • • 

. . . 

• • • 

18-71 

19-35 

" 

• • • 

• • 

20-09 
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MAGNETIC OBSERVATIONS. 


DECLINATION': 4, Mean Hourly Values for each Month. 

A. 1854. 


fctixigen 
n Time. 

January, I 

"ebruary. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

Bombay 

Civil Time. 

!Toon 

19-59 

18-93 

18-86 

18-44 

17-93 

17-23 

16-31 

16-98 

17-60 

19-35 

18-20 

19-07 

h m 

4 12 p.m. 

1 

19-27 

19-22 

18-71 

18-32 

18-08 

17-57 

16-48 

17-04 

17-30 

18-75 

18-18 

18-98 

5 12 „ 

2 

19-23 

18-97 

18-62 

18-18 

18-01 

17-48 

16-50 

16-67 

16-80 

18-56 

18-21 

18-87 

6 12 „ 

3 

19-32 

19-28 

18-50 

18-12 

17-82 

17-10 

16-15 

16-45 

16-72 

18-64 

18-25 

18-84 

7 12 „ 

4 

19-37 

19-30 

18-57 

18-23 

17-87 

17-20 

16-19 

16-38 

16-69 

18-82 

18-27 

18-91 

8 12 „ 

5 

19-30 

19-30 

18-80 

18-48 

18-04 

17-41 

16-37 

16-53 

16-72 

18-93 

18-24 

18-82 

9 12 „ 

6 

19-35 

19-38 

18-73 

18-64 

18-18 

17-74 

16-69 

16-68 

16-95 

18-95 

18-33 

18-85 

10 12 „ 

7 

19-27 

19-37 

18-79 

18-77 

18-43 

17-96 

16-85 

16-89 

17-10 

19-14 

18-42 

18-83 

11 12 „ 

8 

19-33 

19-63 

18-99 

18-86 

18-62 

18-15 

16-90 

17-10 

17-16 

19-18 

18-46 

18-83 

Midnight 

9 

19-11 

19-59 

19-04 

18-97 

18-64 

18-20 

17-21 

17-27 

17-26 

19-13 

18-42 

18-71 

1 12 A.M. 

10 

19-04 

19-34 

19-05 

18-95 

18-79 

18-32 

17-29 

17-41 

17-38 

19-01 

18-29 

18-59 

2 12 „ 

11 

18-80 

19-09 

18-90 

18-68 

18-73 

18-28 

17-30 

17-37 

17-36 

18-90 

17-86 

18-30 

3 12 „ 

12 

18-65 

18-81 

18-83 

18-59 

18-60 

18-37 

17-32 

17-39 

17-25 

18-93 

17-73 

18-18 

4 12 „ 

13 

18-36 

18-67 

18-56 

18-62 

18-85 

18-46 

17-50 

17-72 

17-46 

18-83 

17-54 

18-06 

5 12 „ 

14 

18-21 

18-48 

18-50 

19-35 

18-66 

19-53 

18-55 

18-66 

18-21 

18-94 

17-20 

17-86 

6 12 „ 

15 

18-26 

18-19 

19-14 

20-16 

20-59 

20-09 

19-04 

19-20 

19-02 

19-39 

17-21 

17-73 

7 12 „ 

16 

18-99 

18-83 

19-75 

20-31 

20-27 

19-98 

18-79 

18-73 

18-58 

19-59 

17-81 

18-27 

8 12 „ 

17 

19-16 

19-32 

19-86 

19-92 

19-10 

19-12 

17-94 

17-30 

17-20 

18-98 

18-21 

18-57 

9 12 „ 

18 

18-95 

19-54 

19-80 

18-64 

17-54 

17-87 

16-70 

15-88 

15-66 

18-29 

18-10 

18-55 

10 12 „ 

19 

18-01 

19-24 

18-71 

17-43 

16-50 

16-45 

15-53 

14-95 

14-45 

17-54 

17-82 

18-23 

11 12 „ 

20 

17-87 

18-80 

18-00 

16-52 

15-88 

15-74 

15-03 

14-45 

14-00 

17-39 

18-08 

18-14 

Noon 

21 

18-39 

18-71 

17-75 

16-66 

15-93 

15-75 

14-86 

14-66 

14-56 

17-88 

18-46 

18-59 

1 12 P.M. 

22 

18-90 

18-91 

18-00 

17-07 

16-66 

16-17 

15-31 

15-51 

15-80 

18-61 

18-53 

18-91' 

2 12 „ 

23 

19-15 

19-02 

17-80 

17-90 

17-37 

16-66 

15-80 

16-24 

16-97 

19-14 

18-39 

19-04 

3 12 „ 
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DETESTATION : 4, Mean Hourly Values eor each Month. 

W - 1855. 


Gottingen 
Mean Time. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 



Oct. 

Nov. 

Deo. 

Bombay 
Civil Time. 


/ 

/ 


/ 


i 


/ 

/ 

/ 


/ 



/ 

/ 

/ 


ii 

m 


Noon 

19-30 

19- 

32 

19 

63 

19- 

27 

19-30 

18-96 

18- 

63 

19 

11 

19-77 

19-65 

20-02 

19 

89 

4 

12 ] 


1 

19-49 

19 

37 

19 

42 

19- 

52 

19-58 

19-17 

18- 

93 

19 

33 

If- 57 

19-33 

19-74 

19 

67 

5 

12 

55 

2 

19-48 

19 

39 

19 

22 

19- 

35 

19-45 

19-01 

19- 

10 

19- 

18 

18-97 

19-29 

19-79 

19 

69 

6 

12 

55 

3 

19-56 

19 

39 

19 

22 

19- 

04 

19-13 

18-83 

18- 

91 

19- 

12 

18-92 

19-26 

19-84 

19 

73 

7 

12 

55 

4 

19-49 

19 

40 

19 

31 

19 

17 

19-23 

18-79 

18- 

68 

19 

16 

18-98 

19-30 

19-84 

19- 

68 

8 

12 

55 

5 

19-49 

19 

44 

19 

33 

19- 

30 

19-30 

18-90 

18- 

79 

19 

25 

19-14 

19-47 

19-86 

19 

54 

9 

12 

55 

6 

19-39 

19 

36 

19 

41 

19 

41 

19-47 

19-16 

19 

04 

19 

34 

19-11 

19-53 

19-88 

19 

54 

10 

12 

55 

7 

19-39 

19 

37 

19 

49 

19 

64 

19-24 

19-26 

19 

18 

19 

54 

19-16 

19-70 

19-89 

19 

58 

11 

12 

55 

8 

19-30 

19 

41 

19 

52 

19 

62 

19-86 

19-55 

19 

45 

19 

70 

19-27 

19-68 

19-98 

19 

55 

Midnight 

9 

19-22 

19 

28 

19 

59 

19 

73 

20-02 

19-73 

19 

60 

19 

77 

19-32 

19-71 

19-90 

19 

50 

1 

12. 

A.M. 

10 

19-03 

19 

21 

19 

54 

19 

89 

20-03 

19-87 

19 

71 

19 

87 

19-35 

19-59 

19-83 

19 

42 

2 

12 

55 

11 

18-88 

19 

04 

19 

42 

19 

72 

20-01 

19-84 

19 

68 

19 

45 

19-42 

19-55 

19-53 

19 

23 

3 

12 

55 

12 

18-73 

18 

95 

19 

34 

19 

45 

19-99 

19-91 

19 

75 

19 

46 

19-49 

19-46 

19-23 

19 

07 

4 

12 

55 

13 

18-44 

18 

78 

19 

20 

19 

54 

20-30 

20-03 

19- 

96 

20 

03 

19-67 

19-30 

19-10 

19 

03 

5 

12 

55 ■ 

14 

18-24 

18 

67 

19 

36 

20- 

17 

21-18 

20-86 

20- 

72 

20. 

79 

20-45 

19-39 

19-06 

19- 

21 

6 

12 

55 

15 

18-04 

18 

73 

19 

98 

21- 

25 

21-92 

21-48 

al- 

13 

21. 

45 

21-53 

20-02 

19-11 

19- 

33 

7 

12 

55 

16 

18-54 

19 

51 

20 

36 

21. 

37 

21-82 

21-33 

so- 

97 

21- 

26 

21-04 

20-31 

19-60 

19- 

90 

8 

12 

55 

17 

19-59 

20 

39 

20 

46 

20. 

65 

20-67 

20-63 

20- 

48 

20. 

12 

19-58 

19-85 

19-64 

19- 

89 

9 

12 

55 

18 

19-92 

20 

36 

19 

72 

19 

58 

19-10 

19-52 

19- 

44 

18. 

74 

17-99 

19-16 

19-04 

19- 

•14 

10 

12 

55 

19 

19-52 

19 

77 

18 

94 

18. 

28 

18-09 

18-39 

18- 

23 

17. 

81 

16-64 

18-20 

18-44 

18- 

46 

11 

12 

55 

20 

18-96 

19 

30 

18 

28 

17. 

43 

17-47 

17-51 

17- 

59 

17. 

18 

16-06 

17-73 

18-65 

18- 

93 


Noon 

21 

- 19-06 

19 

05 

18 

23 

17 

22 

17-66 

17-48 

17. 

44 

17 

30 

16-77 

18-17 

19-26 

19. 

75 

1 

12 ] 

P.M. 

22 

19-02 

19 

11 

18 

78 

17 

85 

18-13 

17-78 

17. 

67 

17. 

85 

17-75 

18-93 

19-70 

20. 

29 

2 

12 

5* 

23 

19-05 

19 

14 

19 

• 42 

18 

56 

18-74 

18-40 

18. 

28 

18 

46 

18-94 

V 

19-41 

19-92 

20 

31 

3 

12 

55 
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19-07 

18-80 

18-69 

18-72 

18-71 

18-79 

18-80 

18-84 

18-85 


19-07 

19-02 

19-09 

19-06 

18-94 

18-89 

18-86 

18-71 

18-71 

18 - 59 

18-62 

. 19-24 

19 - 61 

19-49 

18-88 

18-44 

18 - 52 

18-86 

19 - 09 


18-80 

18-56 

18-45 

18-45 
18-44 
18-53 
18-66 
18-71 
18-75 ' 
18-76 
18-71 
18-63 
18-56 
18-54 

18 - 63 

19 - 13 

19-75 

19-88 

19-39 
18-36 

17-79 

17 - 87 

18 - 26 

18-77 


18-42 

18-51 

18-36 

18-15 

18-15 

18-35 

18-46 

18-58 

18-78 

18-88 

18-91 

18-79 

18-75 

18 - 69 

19 - 25 

20 - 09 
20-48 
20-29 

19-05 

17-68 

16-73 

16 - 75 

17 - 18 

17-90 


18-75 

18-73 

18-50 

18-81 

18-37 

18-50 

18-68 

18 - 93 

19 - 09 

19-20 

19-24 

19-33 

19-30 

19 - 41 

20 - 13 

20-51 

20-44 
19-61 
18-47 

17-58 

17-06 

17-26 

17 - 80 

18 - 30 


18-21 

18-37 

18-34 

18-09 

18-17 

18-35 

18 - 53 
18-81 

19 - 05 
19-23 
19-32 
19-35 
19-28 

19 - 55 

20 - 38 

20-87 

20-74 
19-81 
18-73 

17-63 

17-01 

17-00 

17-39 

17-86 


18-16 

18-31 

18-20 

17-91 

17 - 97 

18 - 11 

18-27 

18-44 

18-71 
18-86 

18 - 99 

19 - 07 
19-13 

19 - 36 

20 - 13 

20-41 

20-03 
19-17 
18-03 

17-00 

16-42 

16-56 

16 - 99 

17 - 56 


19-18 

19-28 

18-87 

18-64 

18-57 

18 - 72 
18-86 

19 - 05 
19-19 
19-30 
19-38 
19-46 
19-57 

19 - 83 

20 - 91 

21 - 45 

20-80 
19-38 

17-81 

16-90 

16 - 46 

16-80 

17 - 70 

18 - 51 


19-32 

19-26 

18-84 

18-83 

18-90 

18 - 96 

19 - 15 
19-16 
19-26 
19-28 

19-23 

19-18 

19-27 

19 - 41 

20 - 16 

20-96 

20-71 
19-45 

17-94 
16-66 

15 - 95 

16 - 39 

17 - 42 

18 - 68 


19-53 

19-20 

19-06 

19-18 

19-31 

19-34 

19-38 

19-48 

19-44 

19-44 

19-36 

19-28 

19-12 

19-06 

19-18 

19-73 

19-88 

19-37 

18-63 

18-05 

17 - 85 

18 - 26 

18 - 97 

19 - 46 


19-62 

19-47 

19-58 

19-66 

19-67 

19-69 

19-74 

19-75 

19-86 

19-94 

19-73 

19-55 

19-36 

19-12 

18-86 

18-88 

19-27 

19-46 

19-37 

19-21 

19 - 69 

20 - 15 

20-15 
19-90 


20-20 

20-04 


4 

12 B.M. 

5 

12 

>1 ■ 

6 

12 

?) 

7 

12 

11 

8 

12 

11 

9 

12 

11 

10 

12 

11 

11 

12 


Midnight 

1 

12 A.M. 

2 

12 

)) 

3 

12 


4 

12 


5 

12 

11 

6 

12 

11 

7 

12 

11 

8 

12 

11 

9 

12 

11 

10 

12 

11 

11 

12 

11 


20-26 


Noon 

1 12 T.M. 

2 12 „ 

3 12 „ 
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DECLINATION’: 4, Mean Hourly Values eor each Month. 

D. 1857. 


Gottingen 
Mean Time. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

' Nov. 

Dec. 

Bombay 
Civil Time. 


/ 


/ 

/ 


/ 

/ 

/ 


/ 

/ 


/ 


/ 

/ 


/ 

h 

m 


Noon 

19- 

99 

19-79 

20 

34 

19-56 

19-47 

19 

60 

18-67 

18- 

93 

19- 

34 

18-41 

18 

83 

18-97 

4 

12 i 

.M. 

1 

20 

08 

20-01 

19 

97 

19-53 

19-49 

19 

64 

18-84 

19- 

13 

»0 

18-09 

18 

61 

18-89 

5 

12 

71 

2 

20 

01 

20-09 

19 

80 

19-33 

19-29 

19 

42 

18-79 

18- 

84 

18- 

65 

17-86 

18 

74 

18-94 

6 

12 

11 

3 

20 

03 

20-13 

19 

72 

19-14 

19-19 

19 

20 

18-55 

18- 

53 

18- 

65 

17-92 

18 

80 

19-10 

7 

12 

11 

4 

20 

08 

20-06 

10 

75 

19-11 

19-31 

19 

26 

18-47 

18- 

50 

18- 

71 

18-00 

18 

91 

19-18 

8 

12 

11 

5 

20 

01 

20-12 

19 

92 

19-28 

19-51 

19 

47 

18-66 

18- 

59 

18- 

77 

18-07 

18 

97 

19-04 

9 

12 

11 

6 

20 

03 

20-13 

19- 

98 

19-46 

19-76 

19 

68 

18-88 

18- 

71 

18 

96 

18-17 

19 

14 

19-09 

10 

12 

11 

7 

20 

04 

20-12 

20 

06 

19-69 

19-98 

. 19 

84 

19-16 

18 

87 

19 

13 

18-37 

19 

16 

19-19 

11 

12 

11 

8 

19 

96 

20-14 

20 

03 

19-82 

20-09 

20 

07 

19-37 

18 

95 

19 

15 

18-43 

19 

10 

19-07 

Midnight 

9 

19 

87 

20-06 

20 

00 

19-94 

20-40 

20 

15 

19-49 

19 

12 

19 

15 

18-38 

19 

05 

18-91 

1 

12. 

A.M. 

10 

19 

79 

19-86 

19 

85 

19-99 

20-37 

20 

26 

19-54 

19 

24 

19 

21 

18-17 

18 

85 

18-81 

2 

12 

ii 

11 

19 

63 

19-75 

19 

79 

19-84 

20-38 

20 

22 

19-59 

19 

28 

19 

26 

18-13 

18 

58 

18-67 

3 

12 

ii 

12 

19 

46 

19-63 

19 

75 

19-77 

20-27 

20 

29 

19-55 

19 

34 

19 

17 

17-93 

18 

37 

18-49 

4 

12 

ii 

13 

19 

11 

19-43 

19 

77 

19-79 

20-37 

20 

52 

19-82 

19 

56 

19 

53 

17-90 

‘ 18 

18 

18-35 

5 

12 

ii 

14 

19 

00 

19-31 

19 

87 

20-26 

21-19 

21 

47 

20-70 

20 

58 

20 

55 

18-13 

17 

'98 

18-24 

6 

12 

ii 

15 

19 

09 

19-23 

20 

56 

21-10 

22-00 

21 

86 

21-24 

21 

32 

21 

70 

18-91 

18 

13 

18-24 

7 

12 

ii 

16 

19 

78 

20-05 

20 

98 

21-10 

21-91 

21 

67 

20-87 

21 

08 

21 

37 

19-33 

18 

57 

J9-04 

8 

12 

ii 

17 

20 

52 

20-82 

20 

90 

20-55 

20-78 

20 

76 

20-02 

19 

76 

19 

76 

18-98 

18 

66 

19-71 

9 

12 

ii 

18 

20 

50 

21-11 

20 

48 

19-44 

19-25 

19 

66 

18-79 

18 

27 

17 

88 

18-17 

18 

49 

19-45 

10 

12 

ii 

19 

19 

82 

20-79 

19 

81 

18-45 

17-93 

18 

61 

17-73 

17 

18 

16 

41 

17-20 

18 

07 

19-00 

11 

12 

ii 

20 

19 

57 

20-25 

19 

37 

17-74 

17-32 

18 

03 

17-31 

16 

68 

15 

72 

16-66 

' 18 

52 

18-91 


Noon 

21 

19 

57 

20-01 

19 

38 

17-88 

17-43 

18 

11 

17-37 

16 

66 

16 

24 

16-81 

19 

06 

19-34 

1 

12 

P.M. 

22 

19 

61 

19-82 

19 

79 

18-46 

18-17 

18 

53 

17-69 

17 

23 

17 

50 

17-30 

19 

08 

19-31 

2 

12 

ii 

23 

19 

65 

19-75 

20 

25 

19-15 

18-93 

19 

07 

18-27 

18 

17 

18 

76 

18-01 

18 

90 

19-03 

3 

12 

ii 
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II. HORIZONTAL INTENSITY. 


HORIZONTAL INTENSITY: 1 , Mean Yearly Values. 
(English Units are used throughout.) 


Year. 

Absolute 

Horizontal 

Intensity. 

Year. 

Absolute 

Horizontal 

Intensity. 

gkS4:7 

7-943 

1853 

7-998 

1848 

8-940 

1854 

8-000 

1849 

7-951 

1855 

7-998 

1850 

7-967 

1856 

8-017 

1851 

7-968 

1857 

8-025 

1852 

7-997 




HORIZONTAL INTENSITY: 2, Mean Monthly Values. 




English Units. 




English Units. 


Month. 

1854. 

1855. 

1856. 

1857. 

Month. 

1854. 

1856. 

1856. 

1857. 

January 

7-985 

7-987 

8-022 

8-200 

September 

8-007 

8-003 

8-011 

8-021 

February 

7-988 

7-988 

8-021 

8-025 

October 

8-011 

8-005 

8-010 

8-025 

March 

7-992 

7-991 

8-019 

8-028 

November 

8-015 

8-009 

8-018 

8-024 

April 

7-991 

7-993 

8-017 

8-028 

December 

8-017 

8-013 

• 8*017 

8-028 

May 

June 

7- 996 

8- 000 

7-995 

7-998 

8-015 

8-013 

8-028 

8-029 

Mean of Winter 1 

8-001 

7-999 

8-018 

8-025 

July 

8-000 

7-998 

8-024 

8-025 

Mean of Summer 2 

7-999 

7-998 

8-016' 

8-026 

August 

8-004 

8-000 

8-017 

8-023 

Mean of the Year 

8-000 

7-998 

8-017 

8-025 


1 Winter = 

2 Summer = 


January, February, March, 
October, November, December. 
April, May, June, 

July, August, September. 
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GENERAL RESULTS OP THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


HORIZONTAL INTENSITY: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

A. 1854. 


Date . 

January . 

February . 

March . 

April . 

May . 

June . 

July . 

August . 

Sept . 

Oct . 

Nov . 

Dec . 

i 

7 

987 

7-987 

7 

990 



7 

994 

8-000 


8-003 

8-004 

8-010 

8-008 

8-010 

2 

*7 

972 

7-989 

7 

993 

7 

994 

7 

994 

8-001 

8-002 

8-007 

. • . 

8-009 

8-010 

* . . 

3 

7 

977 

7-991 

7 

990 

7 

992 

7 

997 

. . 

8-001 

8-000 

8-005 

8-009 

8-011 

8*014 

4 

7 

981 

. . . 


. . 

7 

993 

7 

995 

8-000 

8-001 

7-999 

8-007 

8-010 

... 

8-013 

5 

7 

983 

7-988 

7 

992 

7 

992 

7 

992 

8-000 

8 - ooim , . 

8-008 

8-012 

8-013 

8-013 

6 

7 

983 

7-989 

7 

990 

7 

993 


. . 

8-003 

8-003 

8-001 

8-007 

8-012 

8-011 

8-014 

7 

. 

. . 

7 : 990 

7 

990 

7 

992 

8 

001 

8-000 

8-002 

. . . 

8-007 

... 

8-012 

8-015 

8 

7 

981 

7-991 

7 

992 


. . 

7 

997 

8-002 

* * * 

8-002 

8-008 

7-995 

8-008 

8-015 

9 

7 

983 

7-991 

7 

993 

7 

995 

7 

989 

8-003 

7-999 

8-003 

... 

8-004 

8-011 

. . . 

10 

7 

986 

7-981 

7 

993 

7 

984 

7 

995 

• • 

7-993 

8-003 

8-008 

8-008 

8-015 

8-017 

11 

7 

984 

. . . 

. 

. . 

*7 

980 

7 

995 

8-002 

7-995 

8-001 

* 7-996 

8-009 

• ... 

8-018 

12 

7 

984 

7-986 

7 

993 

7 

989 

7 

995 

7-994 

7-997 

. . . 

8-003 

8-004 

8 -17 

8-019 

IS 

7 

984 

7-986 

7 

994 

. 

. . 

. 

. . 

7-997 

7-999 

8-004 

8-005 

8-006 

8-016 

8-017 

14 

. 

, . 

7-985 

. 

. . 

7 

984 

8 

000 

8-000 

7-997 

8-004 

8-003 

... 

8-017 

8-016 

15 

7 

986 

7-982 

7 

989 

. 

. . 

7 

992 

7-999 

• • • 

8-005 

9-005 

8-010 

8-016 

8-021 

16 

7 

986 

7-987 

7 

985 

7 

992 

7 

991 

7-999 

8-001 

8-006 

. . . 

8-011 

8-016 

. . . 

17 

7 

984 

7-988 

7 

988 

7 

994 

7 

993 

. . . 

8-001 

8-004 

8-004 

8-014 

8*017 

8-018 

18 

7 

985 

. . . 

. 

. . 

7 

986 

7 

997 

8-000 

8-001 

8-005 

8-005 

8-011 

• ... 

8-016 

19 

7 

983 

7-989 

7 

993 

7 

989 

7 

995 

7-999 

8-002 

. . . 

8-008 

8-012 

8-017 

8-017 

20 

7 

984 

7-991 

7 

991 

7 

990 

. 

. • 

7-997 

8-004 

8-000 

8-010 

• • • 

8-018 

8-017 

21 


. . 

7-991 

7 

994 

7 

991 

7 

996 

8-000 

8-003 

8-001 

8-006 

8-013 

8-015 

8-018 

22 

7 

998 

. 7-993 

7 

994 

. 

. . 

7 

996 

8-002 

. - • 

8-003 

8-007 

8-016 

8-015 

8-019 

23 

7 

994 

7-992 

7 

994 

7 

988 

. 

. . 

7-999 

8-000 

8-003 

. . . 

8-011 

8-016 

. . . 

24 

7 

996 

7-995 

7 

996 

7 

983 

8 

002 

• • • 

7-996 

8-005 

8-008 

8-012 

8-016 

8-021 

25 

7 

990 

7-993 

. 

• ; . 

7 

991 

7 

996 

8-000 

7-998 

8-004 

8-006 

8-013 

8-015 

8-021 

26 

7 

989 

. . . 

7 

990 

7 

994 

7 

997 

8-002 

8-000 

8-005 

8-008 

8-012 

• • • 

8-022 

27 

7 

990 

7-987 

*7 

987 

7 

992 

7 

997 

8-001 . 

7-998 

• * * 

8-005 

... 

8-018 

8-017 

28 


, . 

7-988 

7 

978 

7 

993 

. 

. . 

8-003 

8-002 

8-007 

8-006 

8-015 

8-013 

8-015 

29 

7 

984 

. . . 

7 

986 

, 

. . 

7 

998 

8-001 

• ■ • 

8-008 

8-008 

8-014 

8-015 

. . . 

30 

7 

984 

. . . 

7 

991 

7 ' 

-992 

8 

000 

8-002 

8-001 

8-008 

. . . 

8-015 

8-015 

8-018 

31 

7 

986 


7 

989 


• • 

8 

001 

* * * 

8-001 

8-006 

. . . 

. . . 

. . . 

. . . 


* Abnormal day, or a day on which this element was disturbed. 

* 


I. 


40 
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MAGNETIC OBSERVATIONS. 


HORIZONTAL INTENSITY: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

B. 1855. 


Date. 

January. I 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

i 

7-985 

7-988 

7-990 

7-993 

7-993 

7-997 

7-996 

7-997 

» • « 

8-003 

8-008 

. • . 

i 

7 -'984 

7-988 


7-997 

7-993 

. . • 

7-998 

7-999 

8-003 

8-005 

8-008 

8-013 

3 

7-985 


... 

7-995 

7-994 

7-997 

7-995 

7-999 

8-002 

*7-995 

. . . 

8-011 

4 

7-985 

7-989 

7-991 

*7 •985’' 

•7-994 

7-995 

7-990 

. . . 

8-003 

7-997 

8-010 

8-013 

5 

7-986 

7-990 

7-994 

. • • 

. . • 

7*997 

7-990 

7-997 

8-002 

7-998 

8-008 

8-012 

6 

« • • 

7-990 

7-992 

7-989 

8-000 

7-997 

7-997 

7-999 

8-003 

. . . 

8-006 

8-013 

7 

7-985 

7-991 

7-992 

• • • 

7-595 

7-996 

. * . 

7-999 

8-003 

8-005 

8-007 

8-013 

8 

7-986 ’ 

*7-983 

7-994 

7-993 

7-990 

7-995 

7-997 

7-999 

. . . 

8*000 

8*007 

* * * 

9 

7-988 

7-984 

7-987 

7-990 

7-992 

. . . 

7-999 

8-000 

8-003 

8-007 

. . . 

8-014 

10 

7-985 

• • • 

• . • 

7-991 

7-997 

7-998 

7-998 

8-001 

8-005 

8-006 

* • • 

8-013 

11 

7-986 

7-988 

7-993 

7-994 

7-994 

7-997 

7-997 

. . . 

7-999 

8-005 

8-008 

8-014 

12 

7-986 

7-986 

*7-983 

7-989 

. . . 

7-996 

7-990 

8-003 

8-001 

8-005 

8-007 

8-009 

13 


7-988 

7-986 

7-993 

7-995 

7-997 

8-000 

8-001 

8-002 

. . . 

8*008 

8-012 

14 

7-987 

7-986 

7-989 

... 

7-996 

7-998 

. . . 

8-002 

8-003 

8*000 

8-011 

8-012 

15 

7-987 

7-986 

7-990 

7-991 

7-994 

7-999 

8-002 

7-998 

. . . 

8-006 

8-011 

. . . 

16 

7-988 

7-989 

7-990 

7-993 

7-996 

. . . 

8-001 

7-998 

8-002 

8-005 

8-007 

8-013 

17 

7-988 

. . . 

... 

7-992 

7-996 

7-999 

*8-001 

7-999 

8-001 

8-007 

. . . 

8-011 

18 

7-989 

7-988 

7-991 

7-990 

7-995 

8-000 

*8-004 

. . . 

8-002 

*7-997 

8-007 

8-010 

19 

7-991 

7-988 

7-991 

7-992 

. . . 

8-000 

*7-994 

8-000 

8-004 

*7-999 

8-009 

8-012 

20 

. . . 

7-989 

7-991 

7-993 

7-996 

8-001 

*7-993 

7-999 

8-004 


8-008 

8-012 

21 

7-989 

7-988 

7-992 

. . . 

7-997 

7-999 

. . . 

7-999 

8-003 

8-004 

8-006 

8-015 

22 

7-988 

7-988 

7-992 

7-996 

7-997 

7-996 

7-995 

8-001 

. . . 

8-005 

8-009 

. . . 

23 

7-989 

7-989 

7-993 

7-994 

. . . 

. . . 

7-996 

8-002 

8-005 

8-004 

8-008 

8-017 

24 

7-987 

7-989 

. . . 

7-995 

8-001 

7-997 

7 ■ 997 

8-000 

8-005 

8-004 

8-010 

. . . 

25 

7-987 

» . . 

7-993 

7-997 

7-999 

7-997 

7-996 

. . . 

8-004 

8-007 

. . . 

8-015 

26 

7-986 

7-991 

7-992 

7-997 

7-997 

7-998 

7-997 

. . . 

8-006 

8-008 

8-011 

8-017 

27 

. . . 

7-990 

7-994 

7-997 

*7-990 

7-998 

7-998 

8-004 

*8-003 

. . . 

8-012 

8-015 

28 

7-989 

7-989 

7-993 

. * • 

. . . 

7-996 

. . . 

8-002 

8-004 

8-006 

8-013 

8-016 

29 

7-987 

. . . 

7-995 

7-996 

7-995 

7-997 

7-995 

8-003 

. . . 

8-005 

8-008 

. . . 

30 

7-988 

. . . 

7-994 

7-992 

7-996 

... 

7-997 

8-003 

8-005 

8-008 

8-010 

*8-008 

31 

7-985 

* * * 

• 

■ • • 

7-996 

' 1 ‘ 

7-997 

7-999 

. . . 

8-009 

•" 

8-018 


GENERAL RESULTS OE THE CORRESPONDING MAGNETIC. OBSERVATIONS AX BUMJBAl. 


Oli 


HORIZONTAL INTENSITY: 3, Mean Daily Yalues, 
for each Day of Gottingen Mean Time. 

0. 185.6. 


Date . 

January . 

February . 

March . 

April . 

May . 



August . 

Sept . 

Oct . 

Nov . 

Dec , 

i 

8-025 

8-022 


8-021 

8-013 


8-017 

8-021 

8-011 

8-008 


8-017 

2 

8-025 


8-022 

8-020 

8-013 

8-010 

8-015 

. . . 

8-013 

8-008 

8-015 

8-019 

3 

8-029 

8-027 

8-019 

8-018 

. . . 

8-010 

8-020 

8-021 

8-013 

8-013 

8-012 

8-017 

4 

8-028 

8-029 

8-021 

8-019 

8-017 

8-007 

8-019 

8-017 

8-013 

. » . 

8-015 

8-008 

5 

. . . 

8-032 

8-020 

• . . 

8-016 

8-007 

. . . 

8-018 

8-016 

8-004 

8-010 

8-015 

6 

8-026 

8-027 

8-017 

8-018 

8-018 

8-009 

8-021 

8-018 

. . . 

8-007 

8-013 

. . . 

7 

8-034 

8-022 ' 

8-021 

8-020 

8-019 

• . . 

8-020 

8-018 

8-016 

8-008 

8-013 

8-017 

8 

8-026 

8-025 

. . . 

8-019 

8-018 

8-007 

8-018 

8-020 

8-012 

8-012 

. 

8-013 

9 

8-031 

. . . 

8-017 

8-019 

8-018 

8-006 

8-020 

. . . 

8-009 

8-008 

8-017 

8-020 

10 

8-030 

8-024 

8-019 

8-019 

. . . 

8-007 

8-021 

8-021 

8-013 

8-012 

8-017 

8-012 

11 

8-022 

8-021 

8-019 

8-018 

8-016 

8 -006 

8-022 

8-015 

8-015 

. . • 

8-016 

8-014 

12 

. . . 

8-019 

8-020 

. . . 

8-015 

8-008 

. . . 

8-018 

8-015 

*8-001 

8-018 

8-020 

13 

8-013 

8-019 

8-022 

8-018 

8-019 

8-011 

8-023 

8-020 

. • . 

8-008 

8-019 

. . . 

14 

8-012 

8-017 

8-021 

8-018 

8-011 

. * . 

8-022 

• t • 

8-015 

8-009 

8-021 

8-018 

15 

8-011 

8-020 

. . . 

8-019 

8-010 

8-014 

8-023 

8-019 

8-015 

8-010 

. . . 

8-017 

16 

8-015 

. . . 

8-017 

8-0.16 

8-010 

8-016 

8-025 

. . . 

8-009 

8-012 

8-018 

8-019 

17 

8-015 

8-022 

8-020 

8-018 

. . . 

8-011 

8-022 

8-018 

8-008 

8-012 

8-019 

8-0 i 4 

18 

8-012 

8-022 

8-015 

8-016 

8-016 

8-013 

8-015 

8-021 

8-008 

. . . 

8-020 

8-015 

19 

. • . 

8-026 

8-014 

. . . 

8-015 

8-017 

. . . 

8-018 

8-008 

8-014 

8-016 

8-018 

20 

8-015 

8-021 

. . . 

8-019 

8-016 

8-016 

8-027 

8-019 

. * . 

8-007 

8-016 

. . . 

21 

8-013 

8-020 

. . . 

8-019 

8-016 

. . . 

8-025 

8-017 

8-010 

8-010 

8-014 

8-019 

22 

8-013 

8-023 

• . . 

8-011 

8-015 

8-020 

8-022 

8-010 

8-011 

8-005 

. . . 

8-018 

23 

8-015 

8-020 

8-018 

8-010 

. . . 

8-021 

8-019 

. • . 

8-008 

8-002 

8-019 

8-019 

24 

8-027 

. . . 

8-019 

8-014 

• • « 

8-019 

8-021 

*8-006 

8-010 

8-006 

8-017 

8-015 

25 

8-031 

8-018 

8-021 

8-015 

8-021 

8-019 

8-021 

8-011 

8-012 

• • • 

8-021, 

8-015 

26 

. . . 

8-009 

8-021 

* 

... 

8-018 

8-020 


8-015 

8-005 

. . . 

8-020 

. . . 

27 - 

8-030 

8-005 

8-010 

8-016 

8-014 

8-018 

8-021 

8-017 

. . . 

8-013 

8-018 

. . . 

28 

8-028 

8-010 

8-020 

8-015 

8-013 

. . . 

8-021 

8-016 

8-009 

8-013 

8-017 

8-014 

29 

8-027 

8-012 

. . . 

8-016 

8-012 

8-019 

8-021 

8-015 

8-008 

8-012 

8-013 

*8-005 

30 

8-028 

. . . 

8-016 

8-012 

8-013 

8-017 

8-022 

. . „ 

8-007 

8-016 

. . . 

8-013 

31 

8-022 

• * * 

8-020 

. . . 

8-011 

| 

• • • 

8-020 

8-015 


8-016 

1 

■ 

8-014 


40 * 
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MAGNETIC OBSERVATIONS. 


HORIZONTAL INTENSITY: 3, Mean Daily Yalues, ' 
for each Day of Gottingen Mean Time. 

D. 1857. 



8-021 

8-021 

8-017 

8-016 

8-019 

8-018 

8-018 

8-023 

8-022 

8-022 

8-019 

8-021 

8-024 

8-016 

8-017 

8-018 

8-021 

8-021 

8-021 

8-019 

8-019 

8-017 

8-018 

8-020 

8-021 

8-022 


8-022 

8-026 

8-025 

8-023 

8-023 

8-025 

8-019 

8-021 

8-020 

8-024 

8-025 

8-025 

8-025 

8-022 

8-026 

8-026 

8-026 

8-027 

8-029 

8-028 

8-030 

8-031 

8-028 

8-024 

8-026 


8-031 

8-031 

8-028 

8-025 

8-027 

8-025 

8-026 

8-023 

8-028 

8-023 

8-026 

8-029 

8-025 

8-024 

8-026 

8-027 

8-027 

8-029 

8-029 

8-030 

8-029 

8-031 

8-028 
8-028 
8-033 * 


8-029 8-032 
8-029 . . . 
8-031 8-033 
. . . 8-032 
8-029 8-033 
8-027 8-030 
8-028 * 8-009 
8-030 8-012 


8-028 

8-015 

8-021 

8-025 

8-027 

8-029 

8-027 

8-029 

8-031 

8-031 

8-031 

8-031 

8-031 

8-032 

8-028 

8-029 

8-028 

8-031 


8-019 

8-016 

8-021 

8-022 

8-024 

8-026 

8-030 

8-031 

8-030 

8-030 

8-028 

8-029 

8-031 
8 ■ 030 
8-032 
8-030 
8-030 
8-033 
8-027 


8 - 

030 

OO 

028 

. 

00 

029 

8 

028 

8 - 

QO 

030 

8 

028 

8 - 

8 - 

028 


. . 


00 

029 

8 

029 

8 - 

. 

, . 

8 

030 

8 - 

00 

032 

8 

031 

8 - 

8 - 

032 

8 

020 


8 - 

035 

8 

023 

8 - 

CD 

036 

8 

025 

8 - 

8 

036 


. . 

8 - 

OO 

035 

8 

022 

8 - 


. . 

8 

025 

8 - 

OO 

036 

8 

025 


oo 

031 

8 

026 


OO 

029 

8 

026 

8 - 

oo 

027 

8 

023 

8 - 

oo 

025 


. . 

8 - 

00 

029 

8 

027 

8 - 


. . 

8 

028 

8 - 

oo 

030 

8 

028 

8 - 

oo 

020 

8 

030 


00 

026 

8 

024 

8 - 

00 

026 

8 

024 

8 - 

8 

029 



8 - 

00 

031 

8 

020 

8 - 


. . 

8 

020 

8 - 

00 

019 

8 

021 

8 - 

00 

025 

8 

019 

8 -' 

oo 

022 

8 

023 


. 

• . .. 

8 

021 

8 -i 





. - 

8 

023 

8 

019 

025 

8 

025 

8 

022 

019 

*8 

008 


. . 


*8 

010 

8 

027 

025 

. 

. . 

8 

025 

026 

8 

020 

.8 

030 

021 

8 

016 

8 

0^4 

. . 

8 

019 

8 

028 

022 

8 

019 

8 

028 

022 

8 

015 


. * 

024 

8 

019 

8 ' 

028 

■021 


. . 

8 

029 

■022 

8 

023 

8 

030 

. . 

8 

019 

8 

032 

, , 

8 

018 

8 

024 




GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 
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HORIZONTAL INTENSITY: 4, Mean Hourly Values for each Month. 

A. 1854. 


Gottingen 
Mean Time. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

Bombay 
Civil Time. 

Noon 

7-984 

7-988 

7-990 

7-991 

7-996 

7-999 

7-999 

8-003 

8-006 

8-010 

8-011 

8-017 

h m 

4 12 p.m 

i 

7-981 

7-987 

7-989 

7-990 

7-995 

7-998 

7-998 

8-002 

8-005 

8-009 

8-012 

8-015 

5 12 „ 

2 

7-981 

7-986 

7-988 

7-989 

7-992 

7-998 

7-997 

8-002 

8-005 

8-008 

8-011 

' 8-013 

6 12 „ 

3 

7-981 

7-984 

7-988 

7’- 987 

7-992 

7-997 

7-997 

8-001 

8-004 

8-007 

8-010 

8-013 

7 12 „ 

4 

7-980 

7-984 

7-988 

7-988 

7-992 

7-997 

7-997 

8-001 

8-004 

8-006 

8-010 

8-012 

8 12 „ 

5 

7-981 

7-984 

7-989 

7-988 

7-993 

7-998 

7-997 

8-001 

8-004 

8-006 

8-010 

8-012 

9 12 „ 

6 

7-982 

7-984 

7-989 

7-989 

7-993 

7-998 

7-999 

8-002 

8-005 

■8-007 

8-011 

8-013 

10 12 „ 

7 

7-982 

7-986 

7-990 

7-989 

7-993 

7-998 

7-998 

8-002 

8-005 

8-007 

8-011 

8-013 

11 12 „ 

8 

7-982 

7-985 

7-990 

7-989 

7-994 

7-999 

7-998 

8-002 

8-005 

8-008 

8-012 

8-014 

Midnight 

9 

7-983 

7-986 

7-989 

7-990 

7-994 

7-999 

7-998 

8-002 

8-006 

8-008 

8-012 

8-014 

1 12 A.3V 

10 

7-983 

7-987 

7-989 

7-990 

7-994 

7-999 

7-999 

8-002 

8-006 

8-009 

8-013' 

8-015 

2 12 „ 

11 

7-984 

7-987 

7-990 

7-991 

7-994 

7-999 

7-999 

8-003 

8-006 

8-010 

8-013 

8-015 

3 12 „ 

12 

7-984 

7-987 

7-989 

7-991 

7-995 

8-000 

7-999 

8-003 

8-007 

8-010 

8-014 

8-015 

4 12 „ 

13 

7-985 

7-988 

7-991 

7-991 

7-995 

8-000 

7-999 

8-003 

8-007 

8-010 

8-014 

8-016 

5 12 „ 

14 

7-985 

7-988 

7-991 

7-990 

7-995 

8-001 

7-999 

8-003 

8-005 

8-010 

8-014 

8-016 

6 12 „ 

15 

7-987 

7-988 

7-991 

7-990 

7-996 

8-003 

8-000 

8-003 

8-005 

8-010 

8-016 

8-017 

7 12 „ 

16 

7-986 

7-990 

7-994 

7-992 

7-998 

8-005 

8-001 

8-Q04 

8-006 

8-013 

8-018 

8-018 

8 12 „ 

17 

7-989 

7-993' 

7-997 

7-995 

8-001 

8-006 

8-004 

8-007 

8-006 

8-016 

8-021 

' 8-020 

9 12 „ 

18 

7-992 

7-996 

7-999 

7-998 

8-004 

8-007 

8-007 

8-009 

8-012 

8-018 

8-022 

8-021 

10 12 „ 

19 

7-992 

7-997 

8-000 

7-998 

8-004 

8-007 

8-008 

8-010 

8-012 

8-018 

8-023 

8-022 

11 12 „ 

20 

7-992 

7-996 

7-999 

7-996 

8-003 

8-007 

8-007 

8-010 

9-012 

8-018 

8-021 

8-021 

Noon 

21 

7-990 

7-995 

7-996 

7-995 

8-002 

8-006 

8-005 

8-009 

8-010 

8-016 

8-019 

8-020 

1 12 P.K 

22 

7-989 

7-992 

7-993 

7-994 

8-000 

8-003 

8-003 

8-007 

8-009 

8-014 

8-017 

8-019 

2 12 „ 

23 

7-987 

7-989 

7-991 

7-991 

7-98% 

8-001 

8-001 

8-005 

8-007 

8-012 

8-015 

8-018 

i 

3 12 „ 

1 


I 


MAGNETIC OBSEBYATIONfl. 


HORIZONTAL INTENSITY: 4, Mean Houbly Values fob each Month. 

B. 1855. 


GSttmgen 
Mean Time. 



July. August. Sept. 


7-987 7-988 7-990 
7-986 7-986 7-989 
7-984 7-986 7-987 
7-983 7-984 7-987 
7-983 7-984 7-987 
7-983 7-986 7-987 
7-983 .7-986 7-988 
7-984 7-986 7-989 


7-994 

7-992 

7-992 

7-991 

7-991 

7-991 

7-992 



7-997 8-000 8-003 8-003 8-009 8-014 4 12 

7-996 7-999 8-002 8-003 8-007 8-012 6 12 „ 

7-995 7-998 8-001 8-002 8-005 8-011 6 12 „ 

7-994 7-997 8-000 8-001 8-005 8-010 7 12 „ 

7-994 7-996 7-999 8-001 8-005 8-010 8 12 „ 

7-994 7-997 8-000 8-001 8-005 8-010 9 12 „ 

7-995 7-997 8-000 9-002 8-005 8-010 10 12 „ 


7-993 7-994 7-995 


8-001 8-002 8-000 8-010 


7-986 7-986 7-989 7-992 7-994 7-994 7-996 7-998 8-001 8-003 8-006 8-011 


7-989 7-992 

7-990 7-990 

7-990 7-992 

7-990 7-993 

7-990 7-992 

7-990 7-991 

7-990 7-992 

7-993 7-994 

7- 997 7-997 

8 - 000 8-000 

8-001 8-000 
7-999 8-000 

7-997 7-998 

7-995 7-996 


7-990 7-993 7-994 


7-995 


8-001 8-003 8-000 8-011 


Midnight 

1 12 A.M. 


7-996 7-998 8-002 8-003 8-006 8-011 
7-996 7-998 8-002 8-004 8-007 8-012 
7-996 7-998 8-002 8-004 8-007 8-012 


7-996 

7-996 


8-003 8-004 8-007 8-012 
8-002 8-004 8-007 8-013 


7-998 7-998 8-001 8-003 8-009 8-013 7 12 „ 

7- 999 8-001 8-003 8-006 8-011 8-015 8 12 „ 

8- 002 8-003 8-006 8-009 8-013 8-017 9 12 „ 

8-003 8-005 8-008 8-011 8-014 8-018 10 12 „ 

8-006 8-006 8-009 8-013 8-016 8-019 11 12 „ 

8-005 8-006 8-008 8-012 8-015 8-018 Noon 

8-003 8-005 8-007 8-010 8-014 8-018 1 12 T.M. 

8-001 8-004 8-006 8-008 8-012 8-017 2 12 „ 

7-999 8-002 8-004 8-006 8-010 8-014 3 12 „ 
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HORIZONTAL INTENSITY: 4, Mean Hotjbly Values fob each Month. 

0. 1856. 


Gottingen 
Mean Time . 

January . 

February . 

March . 

April . 




August . 

Sept . 

Oct . 

Nov . 

Dec . 

Bombay 
Civil Time . 


8-024 

8-024 

8-020 

8-017 

8-015 

8-014 

8-024 

8-019 

8-012 

8-009 

8-019 

8-020 

h m 

4 12 p.m. 


8-022 

8-022 

8-018 

8-015 

8-013 

8-012 

8-022 

8-016 

8-010 

8-007 

8-016 

8-017 

5 12 „ 

2 

8-020 

8-018 

8-016 

8-013 

8-011 

8-010 

8-021 

8-015 

8-008 

8-006 

8-014 

8-012 

6 12 „ 

8 

8-018 

8-016 

8-014 

8-012 

8-009 

8-009 

8-019 

8-013 

8-006 

8-004 

8-012 

8-011 

7 12 „ 

4 

8-018 

8-016 

8-013 

8-012 

8-009 

8-008 

8-019 

8-013 

8-006 

8-003 

8-011 

8-010 

8 12 „ 

5 

8-017 

8-016 

8-013 

8-011 

8-010 

8-009 

8-019 

8-012 

8-006 

8-003 

8-011 

8-010 

9 12 „ 

6 

8-017 

8-016 

8-014 

8-011 

8-010 

8-009 

8-019 

8-012 

8*006 

8-003 

8-012 

8-010 

10 12 „ 

7 

8-017 

8-016 

8-014 

8-011 

8-010 

8-009 

8-020 

8-013 

8-008 

8-004 

8-012 

8-011 

11 12 „ 

8 

8-017 

8-016 

8-014 

8-012 

8-011 

8-009 

8-020 

8-013 

8-008 

8-005 

8-012 

8-012 

Midnight 

9 

8-017 

8-016 

8-014 

8-012 

8-011 

8-009 

8-021 

8-013 

8-007 

8-006 

8-013 

8-013 

1 12 a.m. 

10 

8-01-7 

8-017 

8-014 

8-012 

8-012 

8-009 

8-021 

8-014 

8-008 

8-006 

8-013 

8-013 

2 12 „ 

11 

8-017 

8-016' 

8-014 

8-013 

8-011 

8-009 

8-021 

8-014 

8-008 

8-006 

8-013 

8-013 

3 12 „ 

12 

8-017 

8-017 

8-015 

8-013 

8-012 

8-009 

8-021 

8-014 

8-009 

8-007 

8-013 

8-014 

4 12 „ 

13 

8-018 

8-017 

8-016 

8-013 

8-012 

8-010 

8-021 

8-014 

8-009 

8-006 

8-014 

8-014 

5 12 „ 

14 

8-018 

8-018 

8-016 

8-013 

8-012 

8-011 

8-022 

8-014 

8-009 

8-006 

8-016 

8-015 

6 12 „ 

15 

8-018 

8-018 

8-016 

8-014 

8-013 

8-013 

8-023 

8-014 

8-008 

8-007 

8-016 

8-015 

7 12 „ 

16 

8-022 

8-022 

8-020 

8-019 

8-017 

8-016 

8-027 

8-018 

8-011 

8-012 

8-021 

8-019 

8 12 „ 

17 

8-026 

8-027 

8-026 

8-024 

8-021 

8-018 

8-030 

8-022 

8-016 

8-018 

8-026 

8-023 

9 12 „ 

18 

8-036 

8-030 

8-030 

8-028 

8-024 

8-020 

8-033 

8-026 

8-020 

8-021 

8-029 

8-027 

10 12 „ 

19 

8-033 

8-033 

8-031 

8-029 

8-025 

8-022 

8-034 

8-027 

8-022 

8-022 

8-030 

8-028 

11 12 „ 

1 

8-032 

8-033 

8-030 

i 8-028 

8-024 

8-023 

8-033 

8-027 

8-021 

8-021 

8-029 

8-028 

Noon 

21 

8-030 

8-031 

8-028 

8-025 

8-022 

8-022 

8-032 

8-026 

8-019 

8-017 

8-027 

8-026 

1 12 P.M. 

22 

8-029 

8-028 

8-025 

8-023 

8-020 

8-019 

8-030 

8-024 

8-017 

8-015 

8-024 

8-024 

2 12 „ 

23 

8-027 

8-027 

8-022 

8-020 

8-017, 

8-016 

8-027 

8-021 

8-014 

8-012 

8-022 

8-024 

3 12 „ 
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MAGNETIC OBSERVATIONS. 


* 

HORIZONTAL INTENSITY: 4, Mean Hourly Values for each Month. 

D. 1857. 


Gottingen 
Mean Time. 

January. I 

February. 

March, 

April. 

May. 

June. 

July. 

August. 

Sept 

Oct. 

Nov. 

Dec. 

Bombay; 
Civil Time* 

Noon 

8-022 

8-028 

8-030 

8-030 

8-030 

8-028 

8-026 

8-024 

8-022 

8-027 

8-025 

8-030 

h m 

4 12 

1 . 

8-020 

8-025 

8-027 

8-026 

8-027 

8-026 

8-024 

8-022 

8-020 

8-024 

8-022 

8-027 

5 12 

n 

2 

8-017 

8-021 

8-025 

8-024 

8-025 

8-025 

8-023 

8-020 

8-019 

8-023 

8-020 

8-025 

6 12 

H 

3 

8-016 

8-019 

8-023 

8-023 

8-023 

8-024 

8-020 

8-018 

8-017 

8-020 

8-018 

8-023 

7 12 

11 

4 

8-015 

8-019 

8-023 

8-023 

8-022 

8-023 

8-019 

8-017 

8-017 

8-019 

8-018 

8-022 

8 12 

n 

5 

8-014 

8-019 

8-022 

8-023 

8-022 

8-022 

8-020 

8-017 

8-010 

8-018 

8-017 

8-020 

9 12 

ii 

6 

8-014 

8-019 

8-022 

8-023 

8-023 

8-023 

8-020 

8-018 

8-016 

8-019 

8-010 

8-020 

10 12 

n 

7 

8-014 

8-020 

8-021 

8-023 

8-023 

8-024 

8-021 

8-018 

8 -010 

8-020 

8-017 

8-020 

11 12 

n 

8 

8-015 

8-020 

8-022 

8-024 

8-022 

8-025 

8-021 

8-019 

8-017 

8-020 

8-019 

8-022 

Midnight 

9 

■ 

8-015 

8-020 

8-022 

8-023 

8-023 

8-025 

8-020 

8-019 

8-018 

8-020 

8-019 

8-022 

1 12 

A.M. 

mm 

8-015 

8-021 

8-023 

8-023 

8-023 

8-025 

8-020 

8-019 

8-018 

8-022 

8-019 

8-023 

2 12 


n 

8-015 

8-020 

8-022 

8-023 

8-024 

8-025 

8-020 

8-019 

8-018 

8-021 

8-020 

8-023 

3 12 

if 

12 • 

8-015 

8-021 

8-022 

8-023 

8-024 

8-025 

8-020 

8-019 

8-018 

8-022 

8-020 

8-023 

4 12 

is 

IB 

8-016 

8-021 

8-022 

8-023 

8-024 

8-025 

8-021 

8-020 

8-018 

8-021 

8-021 

8-023 

5 12 

it 

14 

8-017 

8-023 

8-024 

8-023 

8-024 

8-026 

8-022 

8-020 

8-018 

8-022 

8-021 

8-024 

6 12 

« 

15 

8-017 

8-030 

8-024 

8-025 

8-025 

8-028 

8-024 

8-021 

8-017 

8-022 

8 • 022 

8-024 

7 12 

ii 

16 

8-019 

8-034 

8-028 

8-030 

8-029 

8-031 

8-027 

8-023 

8-020 

8-027 

8-027 

8-029 

8 12 

ii 

17 

8-024 

8-030 

8-034 

8-036 

8-034 

8-035 

8-030 

8-028 

8-025 

8-033 

8-031 

8-033 

9 12 

ii 

18 

8-028 

8-034 

8-039 

8-040 

8-037 

' 8-039 

8-034 

8-032 

8-030 

8-030 

8-035 

8-038 

10 12 

is 

19 

8-031 

8-037 

8-041 

8-041 

8-038 

8-040 

8-036 

8-033 

8-031 

8-039 

8-037 

8-040 

11 12 

ii 

tmm 

8-030 

8-038 

8-041 

8-040 

8-039 

8-040 

8-035 

8-034 

8-032 

8-038 

8-036 

8-041 

Noon 

21 

8-029 

8-037 

8-039 

8-038 

8-038 

8-039 

8-037 

8-033 

8-029 

8-036 

8-033 

8-039 

1 12 

p.a 

22 

8-027 

8-035 

8-036 

8-035 

8-036 

8-035 

8-031 

8-030 

8-027 

8-032 

8-031 

8-037 

2 12 

n 

23 

8-025 

8-022 

8-033 

8-033 

8-033 

8-032 

8-029 

8-028 

8-024 

8-030 

8-028 

8-034 

3 12 

n 

TriMEtlM 







GENERAL RESULTS OP THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


III. CALCULATED DIP. 

DIP: 1 , Mean Yearly Values. 


•Year. 

Dip. 

Year. 

Dip. 

1847 

0 / 

18 17-9 

1853 

19 18-2 

1848 

18 08-6 

1854 

18 52-8 

1849 

18 47-9 

1855 

19 01 -4 

1850 

19 18-2 

1856 

19 11-8 

1851 

19 01-5 

1857 

19 06-6 

1852 

18 61 -1 




DIP: 2, Mean Monthly Values. 


Month. 

Mean Dip. 

Month. 

Mean Dip. 

1854. 

1855. 

1858. 

1857. 

1864. 

1865. 

1866. 

1857. 


0 / 

o / 

O / 

O / 


0 / 

o / 

O / 

o / 

January 

18 50-6 

18 41-6 

19 11-3 

18 57-3 

September 

18 51-6 

19 14-4 

19 01-5 

19 10-0 

February 

19 05-1 

18-49-3 

19 22-7 

18 58-1 

October 

18 44-9 

19 08-2 

19 03-9 

19 08-6 

March 

19 03-7 

18-55-4 

19 17-4 

19 02-0 

November 

18 39-9 

19 12-3 

19 13-7 

19 12-3 

April 

18 54-7 

18 59-8 

19 17-6 

19 05-7 

December 

• 

18 31-6 

19 11-8 

19 02-0 

19 12-1 

May 

18 56-0 

18 69-0 

19 21-6 

19 04-0 

Mean of Winter 1 

18 49-3 

18 59-8 

19 11-8 

19 05-0 

June 

19 00-1 

18 52-0 

19 14-8 

19 09-2 






July 

18 58-7 

18 57-0 

19 08-6 

19 13-6 

Mean of Summer 2 

18 56-4 

19 03-1 

19 11-7 

19 08-2 

August 

18 57-2 

19 16-7 

19 06-2 

19 06-7 

Mean of the Year 

18 52-8 

19 01-4 

19 11-8 

19 06-6 


i January, February, March, 
October, November, December. 

■ Summer = | AprU ’ M&y ’ ^ 

( July, August September. 
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41 
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ivr A (VNfETTO OBSERVATIONS. 


DIP: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 
A. 1854. 


Date. 

January* I 

ebruary. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

1 

18 26-4 

19 00-5 

19 03-3 

o y 

18 55-8 

19 03-2 

0 1 

18 55 . # 9 

19 01*3 

18 52-8- 

18 51-5 ‘ 

18 38- 1 

2 * 

49-9 

02-7 

03-4 

18 56-9 

58-0 

02-3 

19 04-2 

53-1 

. . . 

52-4 

50-2 


3 

51*3 

02-1 

02-5 

57-2 

58-4 

. . . 

01-7 

54-5 

04-9 

511 

4G • 1 

33-0 

'4 

51-1 



55-2 

58-2 

01-8 

02-0 

56*1 

18 59-4 

47*0 


29-8 

5 

48-1 

03-8 

01-0 

54-8 

57-8 

07-2 

01-0 

. . . 

50-0 

47-0 

38-9 

29-7 

G 

46-1 

04-1 

01 -7 

55-8 


10-4 

18 57-1 

56-3 

50-7 

48-0 

39 • 3 

29-0 

7 


03-7 

01-9 

57 •0 

50-7 

06 *8 

51-5 

. . . 

55-2 

. . . 

39-2 

31-5 

8 

47-9 

03-9 

01 - 9 

. . * 

19 00-5 

03-9 

. . . 

51-5 

58-5 

47-4 

39 -5 

33-9 

■9 

47-4 

04-9 

01-1 

54-8 

02-6 

03-2 

50-9 

53-3 


88-9 

38-1 

. . . 

10 

44-9 

07-3 

00-7 

54-9 

04-4 

. . . 

59-4 

51-4 

46-3 

34-8 

35-9 

35-4 

11 

46-4 



56-0 

00-7 

18 49-1 

55-1 

53-2 

* 46-4 

34-2 

. . . 

33-1 

12 

48-8 

06-4 

07-4 

52-2 

18 56-1 

50-1 

55-7 

. . . 

43-5 

83*8 

37-5 

31-4 

13 

49 -1 

05-9 

09-2 


. . - 

57-0 

57 -2 

57-0 

41-9 

33*0 

38-2 

31-3 

i 14 


09-5 

. . 

51 -0 

51-0 

59-2 

19 02-6 

58-8 

43-2 


38-0 

33-2 

15 

52.4 

10-6 

10-1 

. . . 

51-8 

49-7 

. . . 

57-8 

35-7 

31-7 

37-8 

33-1 

16 

52-4 

10-9 

i 10-0 

52-3 

52-0 

47-5 

02-6 

56-1 

. . . 

32-1 

37-4 

. . . 

17 

52-1 

09-7 

09-4 

53-5 

i 51 • 6 

. . . 

00-9 

54-0 

43-9 

31-9 

36-6 

33-1 

18 

51-1 



53-9 

i 50-6 

51-3 

00*4 

54-0 

46-4 

44-8 

. . . 

33-3 

19 

51 -2 

! 05 -S 

l 07-7 

54 'S 

1 50-0 

54-5 

•08*6 


49-2 

45-6 

30-1 

33-6 

20 

51-0 

i 04- a 

I 08-6 

; 55 •£ 

1 ... 

57-1 

00*6 

59-4 

52-7 

. . . 

35-4 

34-7 

21 1 


05- 1 

07-7 

55 •( 

) 50-1 

19 01-7 

18 59-9 

56-5 

55-1 


35-7 

34-6 

22 

51- E 

i os- e 

3 03-9 

» . . . 

50-1 

00 -8 

> • • • 

58-3 

58-9 

42-9 

35-5 

33-9 

23 

53 • 2 

! 05 - ( 

) 01-7 

r 54-5 

! 

OO-S 

[ 59-0 

59-4 

. . . 

56 -1 

36-2 

; ... 

24 

54- { 

1 04-1 

3 01-1 

j 56-< 

4 50-9 

1 

19 02-6 

58-3 

58-0 

> 56-7 

42-2 


25 

53- ( 

3 03 ■' 

7 ... 

54-' 

7 52-6 

I 01 •£ 

) 18 57-2 

1 57-9 

i 19 00-4 

: 55 -5 

i 40-6 

! 29-5 

26 

53-< 

1 . . . 

18 57-1 

) 52-1 

9 53 -E 

1 02--S 

l 52-S 

i 58-9 

i 18 53-9 

> 53-7 


27-2 

27 

52-< 

4 01 -i 

3 57- < 

4 54-1 

3 55 •£ 

> 03-1 

3 57-] 

L ... 

51 -C 

) 49 -C 

1 47 -8 

i 26-9 

28 


00-1 

6* 59-' 

7 56-i 

3 .... 

07.' 

1 54-2 

! 59-4 

! 49 -7 

1 ... 

47 -7 

! 27-5 

29 

53- 

2 . 

58 - J 

5 ... 

19 00-f 

> 09.; 

2 ... 

19 03- 7 

1 48-7 

1 48*c 

! 39-7 

1 26-5 

30 

54- 

9 ... 

58-: 

3 53-. 


} 02- ' 

7 56-' 

■s 

3 ... 

48 •( 

) 37-1 

1 ... 

31 

'57-4 ... 

59- 

4 ... 

02-1 

3 ... 

59-5 

■ 

) ... 

49 •( 

5 ; . . 

27-3 


• Abnormal day, or a day on which this element was disturbed. 


GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 
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DIP: 3, Mean Daily Values, 
for eacli Day of Gottingen Mean Time. 
B. 1855. 


Date, 

January. J 

February. 

March. 

April. 

May. 

June. 

|| 


B 

B 

B 



o / 

0 t 

o / 

0 / 

0 / 

O 1 

O / 

O / 

O / 

0 / 

o / 

O / 

1 

18 28-9 

18 48-8 

18 56-7 

18 54-5 

19 00-4 

19 05-8 

18 46-0 

19 06-2 

. . . 

19 05-9 

19 11-6 


2 

30-4 

48-6 

... 

54-3 

00-5 

. . • 

46-6 

06-3 

19 23-8 

03-5 

13*7 

L9 16-1 

3 

33-9 

* a • 

. , . 

55-4 

01-0 

18 52-3 

47-6 

07-8 

23-5 

04-4 

. . . 

16*0 

4 

36-1 

49*5 

54-8 

*58-6 

00-0 

52-3 

48-9 

. . . 

21-3 

04-6 

14-6 

15-0 

5 

37-3 

48-6 

51-8 

. . . 

* . . 

53-3 

43-8 

07-2 

18-3 

06-3 

14-8 

14-7 

6 ■ 


45-8 

51-9 

58-6 

18 55-6 

53-3 

43-0 

06-6 

17-3 

... 

14-3 

13-1 

7 

37-7 

43-7 

52-9 

. . • 

54-3 

52-5 

. . . 

06-4 

16-8 

08-3 

11-8 

12-4 

8 

38-3 

* 44-7 

53-6 

59-6 

54-6 

52-2 

45-9 

06-3 

... 

08-4 

08-8 

... 

9 

36-5 

46-0 

59-0 

58-5 

53-7 

. . . 

45-4 

06-2 

15-6 

08-4 

. . . 

07-7 

10 

37-6 


. • • 

57-8 

52-8 

50-3 

47-1 

06-5 

18-0 

09-6 

. . . 

06-0 

11 

41-3 

40-7 

56-7 

56-4 

55-1 

52-4 

51-4 


17-2 

11-1 

07*7 

07-0 

12 

41-2 

, 47-1 

* 56-1 

59-6 

. • . 

57-3 

55-5 

06-2 

11-6 

12-8 

08-6 

07-9 

13 


46-5 

55-4 

19 02-3 

58-0 

19 00-2 

58-5 

10-8 

10-0 

. . . 

09-8 

07-9 

14 

46-4 

47-4 

54-9 

• . . 

19 00-4 

18 57-3 

. . . 

15-6 

11-4 

09-4 

10-2 

07-5 

15 

46-9 

46-7 

57-6 

03-2 

01-5 

54-1 

58-5 

20-2 

* . . 

09-0 

11-0 

. . . 

16 

49-5 

46-5 

58-6 

02-9 

01-8 

. . > 

59-0 

21-5 

12-7 

09-3 

12-7 

11-7 

17 

52-1 


• * i 

01-2 

01-5 

46-2 

19 01-3 

22-2 

13-4 

09-5 

. . . 

11-3 

18 

50-7 

48-3 

54-9 

18 59-6 

18 58-7 

48-7 

* 01-9 

. . . 

14-2 

09-7 

12-8 

11-0 

19 " 

46-4 

50-0 

54-6 

57-4 

a • ■ 

53-4 

* 02-5 

26-6 

. 11-8 

06-7 

13-2 

10-8 

20 


49-7 

57-1 

58-7 

58-0 

55-5 

* 04-4 

26-5 

12-8 

. . . 

12-9 

11-2 

21 

40-6 

50-7 

58-0 

• . * 

57-9 

51-9 

. . . 

24-5 

14-7 

04-3 

12-3 

11-4 

22 

39-2 

52-5 

57-2 

19 01-3 

56-8 

51-8 

08-0 

25-8 

. . . 

06-6 

12-2 


23 

37-6 

53-5 

55-2 

02-6 

. . . 


08-2 

23-5 

11-7 

08-0 

13-0 

12-4 

24 

39-0 

54-5 

• • • 

03-7 

57-2 

43-3 

08-3 

24-6 

11-2 

09-9 

13-1 

. . . 

25 

40-7 


54-5 

02-9 

58-4 

44-5 

08-1 

. . . 

12-9 

07-2 

. . - 

14-2 

26 

41-5 

i 54-0 

■ 54-6 

; 01-8 

i 59-7 

47-8 

07-2 

! ... 

11-5 

06-4 

12-2 

14-0 

27 


54-0 

i 53-5 

- 03-1 

*1902-8 

I 48-8 

06-7 

22-9 

11-2 

. . . 

12-8 

! 15-2 

28 

46 -S 

1 54-6 

: 54-1 

. . . 

. . ■ 

47-3 

. . . 

23-8 

10-6 

08-4 

13-4 

16-2 

29 

48-8 

i ... 

55-3 

; oo-7 

04-6 

i 48-1 

07-6 

, 23-0 

. . . 

09-4 

15-4 

t ... 

30 

48 - 1 

i ... 

55-7 

0M 

05-6 

► ... 

06-7 

26- 0 

i 07-3 

i 09-7 

15-3 

S* 15-9 

31 

48-1 

1 ... 



05-8 

\ 

• 

06-4 

l 31-8 

> ... 

10 -E 


14-3 


41 * 
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MAGNETIC OBSERVATIONS. 


DIP: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 
0. 1856. 



GENERAL RESULTS OE THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


DIP: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 
D. 1857. 
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MAGNETIC OBSERVATIONS. 


DIP: 3, Mean Hourly Values eor each Month. 

A. 1854. 


Gottingen 
Mean Time. 

January, 

February. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

Bombay 

Civil Time. 

Noon 

o ; 

18 47-5 

19 01-6 

19 00*3 

18 50-9 

18 53-0 

18 57-6 

18 57-1 

0 / 

18 54-7 

18.50-3.. 

18 44-0 

18 38-9 

18 27-9 

U m 

4 12 P.M. 

1 

47-3 

01-4 

18 59-9 

50-4 

51-9 

57-5 

57-3 

54-4 

49-6 

43-5 

39-2 

28-2 

5 12 

11 

2 

48-1 

02-0 

19 00-5 

51-0 

51-9 

57-4 

57-3 

54-3 

49-5 

43-8 

39-6 

28*9 

6 12 

11 

3 

48-9 

03-2 

01 -8 

52-2 

53-4 

58-1 

57-6 

55-3 

50-1 

44-1 

39-9 

29-5 

7 12 

1) 

4 

49-5 

03-9 

02-2 

53-1 

53-9 

58-8 

58-3 

‘56-0 

50-7 

44-5 

40-0 

30-2 

8 12 

11 

5 

49-9 

04-3 

02-8 

54-2 

54-2 

59-6 

58-9 

56-6 

51-0 

44-7 

40-1 

30-8 

9 12 


6 

50-3 

04-9 

03-4 

54-9 

55-7 

19 00-2 

59-1 

57-0 

51-6 

45-0 

40-2 

31-3 

10 12 

>1 

7 

50-6 

05-2 

03-9 

65-5 

56-0 

00-8 

59-6 

57-4 

52-1 

45-2 

40-3 

31-8 

11 12 

” 

8 

61-1 

05-8 

04-5 

56-0 

57-3 

01-2 

59.9 

57.9 

52-4 

45-2 

40-4 

32-2 

Midnight 

9 

51-5 

06-2 

04-9 

56-4 

58-2 

01-4 

19 00-1 

58-2 

52-6 

45-3 

40-5 

32-2 

1 12 A. M. 

10 

51-9 

06-5 

05-3 

56-8 

58-8 

01-7 

00-3 

58-6 

52-8 

45-4 

40-4 

32-8 

2 12 

11 

11 

52 <2 

06-8 

05-7 

57-1 

59-3 

02-1 

00-5 

59-1 

52-9 

45-6 

40-5 

33-0 

3 12 

11 

12 

52-6 

07-2 

06-2 

57-5 

58-6 

02-5 

00-6 

59-4 

53:2 

45-8 

40-5 

33-3 

4 12 

11 

13 

53-1 

07-4 

00-4 

57-8 

19 00-5 

03-1 

01-0 

19 00-2 

53-5 

45-9 

40-8 

33-7 

5 12 

11 

14 

53-4 

07-3 

06-9 

58-9 

01-5 

03-8 

02-4 

01-0 

54-4 

46-2 

40-8 

34-0 

6 12 

11 

15 

53-7 

08-0 

07-6 

59-6 

01-4 

04-0 

01-4 

01-2 

54-8 

46-4 

40-8 

34-3 

7 12 

11 

16 

54-4 

08-5 

07-7 

58-6 

18 59-9 

02-9 

00-5 

00-3 

53-6 

45-8 

40-3 

35-1 

8 12 

11 

17 

53-7 

08-1 

06-5 

56-9 

57-3 

01-4 

18 59-3 

18 58-2 

51-9 

45-1 

40-2 

34-8 

9 12 

11 

18 

51-7 

07-0 

04-7 

54-6 

54-1 

18 59-6 

57-9 

57-0 

50-7 

44-5 

39-6 

33-5 

10 12 

11 

19 

49-9 

05-2 

02-8 

52-8 

54-0 

58-2 

56-6 

56-4 

49-9 

43-9 

39-2 

31-9 

11 12 

11 

20 

49-1 

03-7 

01-6 

52-0 

53-1 

57-6 

56-0 

65-1 

49-9 

43-9 

38-9 

30-9 

Noon 

21 

48-7 

02-9 

01-3 

52-0 

53-1 

57-7 

56-0 

55-2 

50-5 

44-0 

38-9 

30-1 

1 12 P.M. 

22 

48-2 

02-4 

01-3 

51-7 

53-0 

57-5 

56-2 

55-0 

50-6 

44-8 

' 38-8 

29-3 

2 12 

11 

23 

46-5 

01-9 

00-7 

51-5 

51-5 

57-8 

56-4 

54-8 

49-0 

44-7 

38-6 

28-6 

3 12 

11 



GENERAL RESULTS OP THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


DIP: 4, Mean Hourly Values por each Month. 


B. 1855. 



18 46-0 18 52-5 18 5G-9 18 55 


55-4 19 00 


55-2 18 58 


1 19 00 


1 18 59 


19 15-0 19 12-9 


•0 19 09-0 
■0 08-9 


4 12 p.m. 


Midnight 
1 12 A.M. 


1 12 P.M. 

2 12 „ 







MAGNETIC OBSERVATIONS. 


DIP : 4, Mean Hourly Values for each Month. 


0. 1856. 
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GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


DIP: 4, Mean Hourly Values for each Month. 

D. 1857. 


Gottingen 
Mean Time. 

January. 

February. 

March. 

April. 

May. 

June. 

July. 


■ 




Bombay 
Civil Time. 

1 [ 

18 56-2 

18 56-6 

19 00-8 

19 05-0 

19 03-4 

19 08-9 

0 / 

19 12-9 

19 05-8 


■ 

19 lO^ 

0 / 

19 11-2 

li m 

4 12 p.m. 

Hi 

56-3 

56-7 

00-7 

04-9 

03-4 

08-9 

12-7 

05-8 

09-4 

08*6 

11-2 

11*7 

5 12 „ 

2 

56-9 

57-4 

Ol- 2 

05-3 

03-2 

08-7 

12-7 

05-8 

09-6 

08-6 

11-7 

12-2 

6 12 „ 

3 

57-3 

57-8 

01-6 

05-5 

04-0 

09-0 

12-9 

06-2 

10-0 

09-0 

12-4' 

12-5 

7 12 „ 

4 

57-0 

58-3 

01-7 

05-8 

04-0 

09-3 

13-3 

06-6 

10-3 

09-0 

12-6 

12-6 

8 12 „ 

5 

58-0 

58-4 

02-3 

06-2 

04-2 

09-6 

13-4 

07-0 

10-3 

09-3 

12-9 

12-9 

9 12 „ 

6 

58-0 

58-5 

02-4 

06-4 

04-4 

09-8 

13*7 

07-3 

10*4 

09-1 

13-4 

13-0 

10 12 „ 

7 

58-0 

58-8 

02-9 

06. 5 

04-3 

09-8 

13-8 

07-6 

10-4 

09-1 

13-4 

13-2 

11 12 „ 

8 

58-1 

59-0 

02 ‘9 

06-4 

04-9 

09-9 

14-0 

07-7 

10-4 

09-0 

13*2 

12-9 

Midnight 

9 . 

58-3 

58-9 

03-0 

06-8 

05-2 

10-0 

14-4 

07-8 

10-4 

09-1 

13-2 

13-0 

1 12 A.M. 


58-4 

59-0 

03-3 

07-1 

05-4 

10-2 

14-5 

08-0 

10-5 

08-9 

13-3 

12-9 

2 12 „ 

ii 

58-6 

09-1 

03-5 

07-1 

05-3 

10-3 

14-8 

08-2 

10-5 

09-0 

13-3 

13-0 

3 12 „ 

12 

58-7 

59-3 

03-7 

07-3 

05-4 

10-7 

15-0 

08-4 

10-6 

09*0 

13-5 

13*1 

4 12 „ 

13 

58-6 

59-5 

03-7 

07-5 

05-7 

10-9 

15-4 

08-7 

10 -7 

09-1 

13-6 

13-2 

5 12 „ 

14 

58-8 

59-5 

03-8 

07-6 

06-5 

11-8 

15-3 

09-2 

10-9 

09-0 

13-6 

13-2 

6 12 „ 

15 

59-1 

19 00-0 

03-9 

08-1 

06-2 

10-6 

15-4 

09-1 

11-8 

09-0 

13-7 

13-6 

7 12 „ 

16 

59-2 

00-2 

03-1 

06-2 

03-2 

09-6 

14-5 

08-0 

10-6 

08-3 

13-1 

13-4 

8 12 „ 

17 

58-5 

18 59-3 

02-0 

04-4 

03-0 

08-5 

13-4 

06-3 

09-6 

07-9 

12-0 

12-3 

9 12 „ 

18 

56-7 

57-9 

00-5 

03-6 

02-0 

07-4 

12-2 

05*2 

08-9 

07-3 

10-9' 

11-4 

10 12 „ 

10 

55-1 

56-5 

18 59-8 

02-8 

01-4 

06-7 

11-8 

04-4 

08-6 

07-0 

10-2 

10-0 

11 12 „ 

20 

54-7 

55-7 

59-8 

03-1 

01-7 

06-8 

11-8 

04-2 

08-8 

07-2 

10-5 

10-4 

Noon 

21 

54-7 

55-6 

19 00-2 

03-8 

02-4 

07-1 

12-0 

04-3 

09-0 

07-6 

11-0 

11-5 

1 12 p.m. . 

22 

54-8 

55-5 





12-5 

04-7 

09-3 

08-0 

10-9 

11-5 

2 12 ,. 

23 

55-2 

55-7 

01-3 

04-7 

03-4 

08-2 

12-7 

05-1 

09-7 

08-4 

na 

10-4 

3 12 „ 


i. 42 
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MAGNETIC OBSERVATIONS. 


IV. VERTICAL INTENSITY. 

VERTICAL INTENSITY: 1 , Mean Yearly Values. 


Year. 

Absolute 

Yertical 

Intensity. 

Year. 

Absolute 

Yertical 

Intensity. 

1847 

2-627 

1853 

2-785 

1848 

2-603 

1854 

2-743 

1849 

2-707 

1855 

2-758 

1850 

2-790 

1856 

2-791 . 

1851 

2-751 

1857 

2-778 

1852 

2-731 




VERTICAL INTENSITY : 2, Mean Monthly Values. 




English Units. 




English Units. 


Month. 

1864 . 

1855 . 

1856 ., 

1857 . 

Month, 

1864 . 

1866 . 

1856 . 

1857 . 

January 

2-740 

2*701 

2-792 

2-751 

September 

2-736 

2-793 

2-764 

2-786 

February 

2-776 

2-722 

2-821 

2-753 

October 

2-719 

2-778 

2-768 

2-781 ' 

March 

2-771 

2-740 

2-806 

2-767 

November 

2-719 

2-790 

2*798 

2-791 

April' 

2-747 

2-751 

2-811 

2-775 

December 

2-686 

2-790 

2*767 

2-793 

May 

June 

2*751 

2*761 

2-750 

2-734 

2-817 

2-797 

2-774 

2-787 

Mean of Winter 1 

2-735 

2-753 

2-792 

2-772 

July 

2-757 

2-746 

2-782 

2-798 

Mean of Summer 2 

2-751 

2-762 

2-791 

2-783 

August . 

2-753 

2-796 

2-776 

2-782 

Mean of the Year 

2-743 

2-758 

2-791 

2-778 


1 Winter = 

2 Summer = 


January, February, March, 
October, November, December. 
April, May, June, 

July, August, September. 





GENEEAL EESULTS OF THE OOEEESPONDING MAGNETIC OBSEEVATIONS AT BOMBAY. 


331 


VERTICAL INTENSITY : 3, Mean Daily Values, 
for each Day of Gottmgen Mean Time. . 

A. 1854. 


1 

January. I 

February. 

March. 

April. 

m 

m 

July. 

August. 

Sept. 

Bl 


Bl 

1 

2-732 

2-765 

2-771 


2-750 

2-770 


2-750 

2*761 

2-741 

2-735 

2-701 

2 i 

‘2-734 

2-771 

2-772 

2-755 

2-756 

2-768 

2-772 

2-743 

. . . 

2-739 

2-733 

. . . 

3 

2-739 

2*770 

2-769 

2-755 

2-758 

* * • 

2-768 

2-745 

2-772 

2-736 

2-722 

2-689 

4 

2-740 


• • « 

2-751 

2-756 

2-766 

2-766 

2-749 

2-758 

2-726 

. . . 

2-681 

5 

2-733 

2-773 

2-765 

2-748 

2-756 

2-780 

2-763 

. . . 

2-734 

2-725 

2-704 

2-680 

6 

2-729 

2-774 

2-766 

2-7-51 

. . . 

2-789 

2-764 . 

2-750 

2-735 

2-728 

.2-705 

2-679 

7 


2-773 

2-767 

2-754 

2-763 

2-779 

2-739 

. . . 

2-747 

. . . 

2-705 

2-686 

8 

2-732 

2-774 

2-765 

. . • 

2-763 

2-772 

. • . 

2-753 

2-756 

2-721 

2-704 

2-692 

9 

2-731 

2-777 

2-764 

2-749 

2-764 

2-771 

2-737 

2-742 

... 

2-702 

2-702 

. . . 

10 

2-725 

2-780 

2-765 

2-746 

2-772 

. . . 

2-756 

2-738 

2-725 

2-693 

2-697 

2-696 

11 

2-729 



*2-767 

2-763 

2-734 

2-746 

2-742 

*2-721 

2-692 


2-691 

12 

2-735 

2-779 

2-783 

2-741 

2-752 

2-734 

2-748 


2-716 

2-689 

2-702 

2-687 

18 

2-736 

2-777 

2-788 


• • • 

2-753 

2-753 

2-752 

2-712 

2-688 

2-704 

2-686 

14 


2-786 


2-736 

2-740 

2-760 

2-766 

2-757 

2-715 

. . . 

2-702 

2-691 

15 

2-744 

2-789 

2-787 

, . , 

2-739 

2-734 

. . . 

2-754 

2-795 

2-685 

2-702 

2-691 

16 

2-744 1 

2-790 

2-786 

2-741 

2-739 

2-72S 

2-766 

2-750 

. . . 

2-686 

2-701 

- ‘ ■ 

17 

2-742 

2-787 

2-785 

2-745 

2-738 

• ■ • 

2-762 

2-744 

2-717 

2-687 

2-699 

2-690 

18 

2-741 



2-746 

2-737 

2-738 

2-760 

2-744 

2-723 

2-719 


2-690 

l'J 

2-740 

2-778 

2-783 

2-748 

2-735 

2-746 

2-770 

. . * 

2-731 

2-721 

2-697 

2-691 

20 

2-739 

2-774 

2-784 

2-747 

... 

2-753 

2-762 

2-751 

2-741 

. . . 

2-697 

2-694 

21 


2-776 

2-782 

2-748 

2-735 

2-765 

2-760 

2-750 

2-746 

. . . 

2-697 

2-693 

22 

2-742 

2-778 

2-773 

... 

2-726 

. 2-763 

. . . 

2-755 

2-756 

2-716 

2-696 

2-692 

23 

2-755 

2-776 

2-767 

2-745 

. . . 

2-761 

2-757 

2-788 

• • ■ 

2-750 

2-698 

• • • 

24 

2-750 

2-773 

2-767 

2-749 

2-739 

. . • 

2-765 

2-756 

■ 2-754 

2-749 

2-713 

. . . 

25 

2-748 

2-770. 


2-747 

2-742 

2-766 

2-752 

2-754 

2-759 

2-746 

2-710 

2-682 

26 

2-747 


2-756 

2-744 

2-745 

2-767 

2-740 

2-756 

2-753 

2-742 


2-676 

27 

2-744 

2-765 

■ 2-754 

2-748 

2-751 

2-771 

2-751 

. , . . 

2-734 

2-730 

2-729 

2-676 

28 


2-764 

*2-757 

2-752 

• * • 

2-772 

2-745 

2-758 

2-731 

• ■ • 

2-727 

2-675 

29 

2-746 


2-757 

. • • 

2-743 

2-785 

. . . 

2-770 

2-729 

2-729 

2-707 

2-672 

30 

2-749 


2-759 

2-746 

2-750 

2-768 

2-751 

2-775 


2-729 

- 2-700 

• - • 

31 

2-756 


2-761 

• • • 

2-751 

. . .. 

2-757 

2-764 


2-733 


2-675 


* Abnormal clay, or a day on which this element was disturbed. 


42 * 
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MAGNETIC 


VERTICAL INTENSE 
for each Day of 
B 


Bate. 

January. 

February. 

March. 

April. 

May, 

i 

2-669 

2-721 

2-742 

2-739 

2-752 

2 

2-673 

2-721 

. . V 

2-738 

2-753 

3 

2-682 

. . . 

. . . 

2-741 

2-754 

4 

2-680 

2-723 

2-738 

*2-745 

2-761 

5 

2-690 

2-711 

2-731 

. . . 

, , , 

6 

■ i . . 

2-714 

2-731 

2-746 

2-740 

7 

2-692 

2-709 

2-734 

■ . . 

2-738 

8 

2-693 

*2-709 

2-737 

2-750 

2-737 

9 

2-688 

2-712 

2-749 

2-746 

2-735 

IKB 

2-691 

. . * 

. . . 

2-744 

2-735 

11 

2^700 

2-715 

2-746 

2-741 

2-739 

12 

2-700 

2-716 

*2-740 

2-748 

• . • 

13 

... 

2-715 

2-739 

2-757 

2-748 

14 

2-713 

2-716 

2-738 

• ■ . 

2-758 

15 

2-713 

2-714 

2-745 

2-758 

2-766 

16 

2-720 

2-714 

2-748 

2-758 

2-757 

17 

2-727 

. . . 

. . . 

2-753 

2-757 

18 

2-724 

2-720 

2-739 

2-749 

2-749 

19 

2-713 

2-724 

2-738 

2-744 

. , , 

20 

. . . 

2-723 

2-744 

2-748 

2-748 

21 

2-698 

2-726 

2-746 

■ • ■ 

2-749 

22 

2*694 

2-730 

2-745 

2-756 

2-746 

23 

2-690 

2-734 

2-740 

2-759 

... 

24 

2-693 

2-736 

. . . 

2-762 

2-749 

25 

2-698 

. . . 

2-738 

2-760 

2-751 

26 

2-700 

2-736 

2-738 

2-758 

2-753 

27 

• ■ • 

2-736 

2-736 

2-761 

*2-759 

28 

2-716 

2-739 

2-737 

■ ■ • 

, • • 

' 29 

2-720 

... 

2-741 

2-755 

2-765 

30 

2-720 


2-742 

2-754 

2-768 

31 

2-718 

. . . 

. . . 

• • • 

2-769 


OBSERVATIONS. 


?Y : 3, Mean Daily Values, 
Gottingen Mean Time. 

. 1855. 


June. 




Bjjjjy 

Noy. 

Bee. 

2-769 

2-718 

2-770 


2-722 

2-786 


. . . 

2-720 

2-770 

2-814 

2-767 

2-791 

2-802 

2-735 

2-721 

2-774 

2-813 

*2-765 

. . . 

2-802 

2-733 

2-725 

. . . 

2-807 

2-767 

2-795 

2-799 

2-737 

2-712 

2-772 

2-802 

2-771 

2-795 

2-797 

2-737. 

2-713 

2-771 

2-800 

.... 

2-793 

2-794 

2-735 

. . . 

2-770 

2-798 

2-779 

2-788 

2-792 

2-734 

2-717 

2-770 

. . . 

2-779 

2-780 

• . . 

• . . 

2-717 

2-770 

2-796 

2-780 

. . . 

2-780 

2-729 

2-721 

2-771 

2-802 

2-782 

. . . 

2-778 

2-734 

2-732 

. , . 

2-799 

2-786 

2-777 

2-778 

2-747 

2-743 

2-769 

2-785 

2-780 

2-778 

2-779 

2-754 

2-751 

2-782 

2-782 

. * • 

2-783 

2-779 

2-747 

. . . 

2-794 

2-785 

2-781 

2-785 

2-778 

2-739 

2-751 

2-802 

. . . 

2-780 

2-787 

, • . 

. . . 

2-752 

2-808 

2-789 

2-780 

2-790 

2-789 

2-719 

2-758 

2-810 

2-790 

2-782 

. * . 

2-788 

2-726 

*2-761 

. . . 

2-792 

*2-779 

2-790 

2-786 

2-738 

*2-759 

2-822 

2-787 

*2-772 

2-792 

2-786 

2-744 

*2-764 

2-821 

2-790 

. • . 

2-791 

2-787 

2-734 

. . . 

2-816 

2-795 

2-767 

2-789 

2-789 

2-733 

2-774 

2-819 

* . . 

2-773 

2-790 

. . . 

• . . 

2-775 

2-814 

2-787 

2-776 

2-792 

2-791 

2-711 

2-775 

2-816 

2-787 

2-780 

2-793 

< . . 

2-714 

2-774 

. . . 

2-791 

2-774 

. . . 

2-795 

2-723 

2-772 

. . . 

2-788 

2-773 

2-791 

2-795 

2-725 

2-771 

2-813 

*2-786 

. . . 

2-793 

2-798 

2-721 

. . . 

2-814 

2-784 

2-777 

2-795 

2-800 

2-724 

2-771 

2-812 

. . . 

2-779 

2-798 

. . . 

• • • 

2-771 

2-820 

2-776 

2-781 

2-799 

*2-796 

* ' * 

2-770 

2-833. 


2-783 

. . . 

2-795 





GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


VERTICAL INTENSITY: 3 , Mean Daily Valdes , 


for each Day of Gottingen Mean Time . 
C . 1856 . 



Date. January. February. March. 


2-785 

2-787 

2-786 

2-788 

2-791 

2-787 

2-784 

2-788 

2-788 

2-785 

2-789 

2-790 

2-791 

2-792 

2-790 

2-796 

2-789 

2-796 

2-793 

2-795 

2-793 

2-795 

if • * 

2-796 

2-796 

2-801 

2-802 

2-811 


2-816 


2-820 

2-818 

2-815 

2-814 

2-809 

2-819 

2-801 

2-800 

2-798 

2-799 

2-792 


2-790 

2-790 

2-795 

2-805 


2-809 

2-810 

2-814 

2-812 

2-810 

2-807 


2-812 


5 


2-809 

2-809 

2-810 

2-810 

2-814 

2'813 

2-814 

2-815 

2-820 

2-818 

2-818 

2-819 

2-820 

2-820 

2-825 

2-824 

2-820 

2-822 

2-813 


2-812 

2-816 

2-827 

2-820 

2-818 


2-817 


2-816 


2-826 
2-823 
2-812 
2-806 
2-800 v 

2-802 

2-809 

2-793 

2-778 

2-768 

2-771 


2-781 

2-786 

2-785 

2-781 

2-780 

2-783 

2-792 

2-794 

2-805 

2-810 

2-816 

2-810 

2-794 

2-802 


2-782 

2-778 

2-778 

2-778 

2-776 

2-776 

2-774 
2.- 774 
2-774 
2-772 

2-773 

2-778 

2-778 

2-777 

2-777 

2-776 

2-775 

* 2-774 

2 - 772 . 

2-770 

2-770 

2-771 

2-770 

2-770 


2 - 769 . 

2-767 

2-767 

2-766 

2-765 

2-764 

2-764 

2-763 

2-762 

2-762 

2-763 

2-761 

2-762 

2-761 

2-759 

2-757 

2-757 

2-770 

2-769 

2-764 

2-761 

2-759 

2-759 

2-760 

2-757 

2-765 


2-752 

* 2-748 

2-744 








334 


MAGNETIC OBSERVATIONS. 

VERTICAL INTENSITY: 3, Mean Daily Values, 
for each Day of Gottingen Mean Time. 

D. 1857. 


Date. J 

Etnuary. F 

ebruary, 

' 

March. 

April, 




■1 

HI 

|| 


Dec. 

1 

2-770 

2-750 


2-765 

2-774 1 

2-781 

2-781 


2-789 

2-793 

2-786 

2-807 

2 

2-765’ 

2-748 

2-762 

2-767 

. . . 

2-788 

2-780 

2-798 

2-790 

2-792 

2-785 

2-806 

3 

■ • ■ 

2-746 

2-762 

2-771 

2-770 

2-786 

2-781 

2-793 s 

“2-791 

. . . 

2-785 

2-805 

4 

2-761 

2-750 

2-765 

... 

2-770 

2-783 

. . > 


|1 2-789 

2-793 

2-791 

2-803 

5 

2-761 

2-753 

2-766 

2-776 

2-769 

2-783 

2-785 

2-795 

. . . 

2-791 

2-786 

. . . 

I 6. 

2-762 

2-752 

2-765 

2-776 

2-770 . 

. . . 

2-786 

2-796 

2-786 

2-791 

2-784 

2-802 

7 

2-758 

. . . 

, . . 

2-776 " 

‘2-770 

2-786 

2-788 

2-792 

2-787 

2-789 

, . . 

2-804 

8 

2-755 

2-755 

2-769 

2-777 * 

f 2-768 

2-787 

2-788 

. . . 

2-790 

2-788 

2-783 

2-803 

•ft 

2-751 

2-754 

2-769 

... 

. . . 

2-790 

2-785 

2-790 

2-790 

2-787 

2-784 

2-802 

10 

. . . 

2-747 

. . . 

2-780 

2-768 

2-790 

2-785 

2-790 

2-793 

. . . 

2-785 

2-802 

11 

2-745 ' 

2-748 

2-769 

. . * 

2-769 

2-795 

... 

2-787 

2-789 

2-787 

2-787 

2-802 

12. 

2-744 

2 : 749 

2-769 

2-780 

2-768 

2-793 

2-789 

2-780 

. . . 

2-785 

2-789 

. . . 

13 

2-746 

2-751 

2-772 

2-779 

2-770 

... 

2-795 

2-777 

2-789 

2-785 

2-789 

2-796 

14 

2-748 


. . . 

2-777 

2-774 

2-792 

2-800 


2-788 

2-785 

. . . 

2-795 

15 

2-745 

2-754 

2-770 

2-777 

2-777 

2-793 

2-802 

. . . 

2-783 

2-785 

2-788 . 

2-795 

16 

2 -748 

2-753 

2-770 

2-775 

. . . 

2-793 

2-803 

2-784 

2-784 

. . . 

2-789 

*2-795 

17 

, , . 

2-753 

2-76.3 

2-774 

2-776 

2-793 

2-802 

2-785 

2-785 

. . . 

2-793 

*2 • 798 

18 

2-745 

2-753 

2-762 

. . . 

.2-776 

2-794 

. . . 

2-781. 

2-784 

2-780 

2-794 

*2 ■ 799 

19 

2-744 

2-752 

2-764 

2-781 

2-776 

2-787 

2-802 

2-780 

. . . 

2-779 

2-795 

. . . 

20 

2-742 

2-753 

2-766 

2-787 

2-779 

• , • 

2. -804 

2-779 

2-779 

2-778 

2-794 

2-795 

21 

2-741 

... 

. . . 

2-784 

2-778 

2-779 

2-808 

2-778 

*2-774 

2-776 

. . . 

2-792 

22 

2-741 

2-755 

2-762 

2-781 

2-777 

2-784 

2-811 

. • . 

2-762 

2-774 

2-791 

2-785" 

23 

2-744 

2-756 

2-766 

2-782 

. . . 

2-788 

2-807 

2-767 

2-757 

2-773 

2-792 

2-783 

24 

. . . 

2-757 

2-766 

2-780 

2-779 

2-787 

2-808 

2-767 

2-761 

. . . 

2-792 

. . . 

25 

2-747 

2-756 

2-766 

. . . 

2-782 

2-782 

» ■ ■ 

2-767 

2-776 

2-772 

2 793 

2-782 

26 

2-749 

2-757 

2-770 

2-779 

2-781 

2-781 

2-806 

2-770 

. . . 

2-771 

2-80£ 

. . . 

27 

2-763 

2-758 

2-772 

2-779 

2-782 

. . . 

2-816 

2-773 

2-807 

2-769 

2-808 

*2-780 

28 

2*752 

2-762 

... 

2-778 

2-779 

2-780 

2-818 

2-775 

2-804 

2-769 

2-808 

*2-780 

29 

2-751 

. . . 

2-769 

2-776 

2-775 

2-780 

2-813 

2-777 

2-800 

2-768 

. . . 

2-779 

30 

2-752 

. . . 

2-768 

2-775 

2-776 

• 2-779 

2-807 

• • . 

2-795 

2-767 

2-806 

2-770 

31 

. . . 

• • • 

2-766 


. . . 

-• • • 

2-805 

2-783 

• • • 

• • ; 

. . . 

2-769 




GENERAL RESULTS OE THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


VERTICAL INTENSITY: 4, Mean Hourly Values eor each Month. 

A. 1854. 


January. February. March. 



June. July. August. Sept. 


2-731 I 2-767 I 2-762 I 2-738 I 2-741 I 2-754 I 2-752 I 2-736 I 2-733 I 2-716 I 2-716 



Bombay 
Civil Time. 


2-730 2-766 2-761 2-736 2-740 2-754 

2-733 2-767 2-762 2-737 2-739 2-753 


2-762 2-735 2-731 2-715 2-717 
2-753 2-735 2-730 2-715 2-717 


2-734 2-770 2-764 2-740 2-742 2-755 2-753 2-737 2-731 2-715 2-717 
2-735 2-772 2-766 2-742 2-745 2-757 2-754 2-739 2-733 2-716 -2-718 
2-736 2-773 2-768 2-745 2-747 2-759 2-756 2-740 2-734 2-717 2-719 
2-738 2-774 2-770 2-747 2-750 2-761 2-757 2-742 2-736 2-718 2-719 


2-738 2-776 2-771 2-749 2-752 2-762 2-758 2-743 


2-749 


2-718 


2-741 2-778 2-774 2-751 2-756 2-764 

2-742 2-780 2-775 2-752 2-758 2-765 


2-786 2-781 2-754 2-764 2-768 2-759 2-746 2-738 


2-735 


4 12 p.m. 


2-740 2-777 2-773 2-750 2-764 2-763 2-759 2-744 2-738 2-719 2-720 


2-769 2-746 2-738 2-719 2-721 
2-760 2-746 2-739 2-719 2-720 


2-743 2-780 2-776 2-754 2-759 2-768 2-761 2-747 2-740 2-720 2-721 

2-744 2-781 2-777 2-755 2-760 2-769 2-761 2-748 2-740 2-721 ^-721 

2-721 


2-746 2-782 2-775 2-766 2-762 2-770 2-762 2-750 2-741 2-721 2-721 
2-747 2-783 2*779 2-758 2-765 2-773 2-764 2-762 2-744 2-722 2-721 
2-747 2-784 2-781 2-760 2-766 2-773 2-763 2-753 2-743 2-723 2-722 
2-751 2-786 2-783 2-758 2-762 2-771 6-762 2-751 2-737 2-722 2-723 


2-722 


2-745 2-784 2-770 2-749 2-752 2-764 2-757 2-744 2-736 2-720 2-721 
2-740 2-779 2-772 2-748 2-749 2-761 2-754 2-742 2-734 2-719 2-720 
2-738 2-776 2-769 2-742 2-747 2-759 2-752 2-739 2-734 2-718 2-719 


2-737 2-773 2-767 2-742 2-747 2-759 2-751 2-739 2-735 2-718 2-718 
2-735 2-771 2-765 2-740 2-745 2-750 2-751 2-738 2-734 2-721 2-717 
2-733 2-768 2-764 2-739 2-743 2-758 2-751 2-737 2-734 2-719 2-716 


Midnight 
1 12 a.m. 


1 12 p.m. 








336 MAGNETIC OBSERVATIONS. 


VERTICAL INTENSITY: 4, Mean Hourly Values for each Month. 

B. 1855. 


Gottingen 
Mean Time, 

January. Jj 

Abruajy. 

March. 

April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Bee. 

Bombay 
Civil Time. 

Noon 

2-691 

2-714 

2-732 

2-743 

2-740 

2-722 

2-744 

2-793 

2-788 

2-769 

2- 

781 

2 

781 

h 

4 

in 


1 

2-690 

2-713 

2-732 

2-741 

2-740 

2-726 

2-744 

2-792 

2-786 

2-769 

2- 

780 

2 

781 

5 

12 


2 

2-692 

2-714 

2-731 

2-743 

2-740 

2*727 

2-744 

2-792 

2-785 

2-770 

2- 

03 

00 

2 

783 

6 

12 


3 

2-694 

2-716 

2-734 

2-745 

2-743 

2-729 

2-744 

2-793 

2-788 

2-772 

2* 

784 

2 

00 

7 

12 


4 

2-696 

2-718 

2-736 

2-747 

2-746 

2-730 

2*744 

2-794 

2-789 

2-774 

2- 

785 

2 

786 

8 

12 

n 

5 

2-698 

2*720 

2-737 

2-749 , 

2-748 

2-729 

2-744 

2*794 

2-791 

2*776 

2- 

786 

2 

787 

9 

12 

„ 

6 

2-699 

2-720 

2-739 

2-750 

2-750 

2-734 

2-745 

2-795 

2*793 

2*777 

2- 

788 

2 

789 

10 

12 

15 

7 

2-700 

2-721 

2-741 

2-752 

2*752 

2-736 

2-745 

2-796 

2-794 

2*777 

2* 

789 

2 

790 

11 

12 

11 

8 

2-701 

2-723 

2-742 

2-753 

2-753 

2-737 

2-745 

2*797 

2-795 

.2-779 

2 

790 

2 

791 

Midnight 

9 

2-703 

2-724 

2-742 

2-754 

2-755 

2-738 

2-746 

2*797 

2-796 

2-781 

2 

791 

2 

792 

1 

12 

a.m:, 

10 

2-704 

2-725 

2-743 

2-755 

2-756 

2-738 

2-746 

2-798 

2-796 

2-782 

2 

792 

2 

793 

2 

12 

51 

11 

2-704 

2-726 

2-744 

2-756 

2-757 

2-738 

2-746 

2-798 

2-797 

2-782 

2 

793 

2 

794 

3 

12 

11 

12 

2-706 

2-727 

2-745 

2-757 

2-758 

2-739 

2-747 

2-799 

2-798 

2-783 

2 

794 

2 

795 

4 

12 

11 

13 

2-707 

2-728 

2-746 

2-758 

2-760 

2-740 

2-746 

2-800 

2-799 

2-784 

2 

795 

2 

795 

5 

12 

15 

14 

2-708 

2-729 . 

2-748 

2-761 

2-762 

2-742 

2-747 

2-801 

2-801 

2-785 

2 

796 

2 

796 

6 

12 

11 

15 

2-708 

2-730 

2-749 

2-762 

2-763 

2-742 

2-747 

2-802 

2-802 

2-786 

2 

797 

2 

798 

7 

12 

11 

16 

2-712 

2-732 

2-749 

2-758 

2-759 

2-741 

2-748 

2-800 

2-799 

2-785 

2 

797 

2 

799 

8 

12 

11 

17 

2-713 

2-731 

2-745 

2-753 

2-753 

2-736 

2-748 

2-798 

2-794 

2-783 

2 

796 

2 

796 

9 

12 

11 

18- 

2-709 

2-728 

2-742 

2-751 

2-749 

2-729 

2-748 

2-796 

2-791 

2-778 

2 

792 

2 

791 

10 

12 

91 

19" 

2-704 

2-723 

2-739 

2-746 

2-747 

2-730 

2-747 

2-796 

2-789 

2-775 

2 

790 

2 

789 

11 

12 

11 

20 

2-700 

.2-721 

2-737 

2-745 

2-745 

2-728 

2-747 

2-795 

2-789 

2-775 

2 

789 

2 

789 


Noon 

21 

2-697 

2-718 

2-735 

2-746 

2-744 

2-728 

2-747 

2-795 

2-790 

2-775 

2 

787 

2 

787 

1 

12 

P.£ 

22 

2-694 

2-717 

2-735 

2-745 

2-743 

2-728 

2-747 

2-795 

2-791 

2-773 

2 

785 

2 

786 

2 

12 

91 

23 

2-692 

2-715 

2-734 

2-745 

2-742 

2-728 

2-746 

2-795 

2-790 

2-773 

2 

783 

2 

784 

3 

12 

99 




GENERAL RESULTS OF THE CORRESPONDING MAGNETIC OBSERVATIONS AT BOMBAY. 


337 


VERTICAL INTENSITY : 4, Mean Hourly Values ■ for each Month. 

0. 1856. 


Gottingen 
Mean Time. 

January. 



April. 

May. 

June. 

July. 

August. 

Sept. 

Oct. 

Nov. 

Dec. 

Bombay 
Civil Time. 

Noon 

2-783 

2-812 

2-798 

2-802 

2-800 

2-791 

2-780 


2-763 

2-765 

2-794 

2 - 

765 

h 

4 

m 

12 

P.M. 

1 

2-782 

2-811 

2-797 

2-801 

2-808 

2-791 

2-780 

2-776 

2-763 

2-765 

2-794 

2 - 

764 

5 

12 


2 

2-784 

2-813 

2-798 

2-802 

2-808 

2-791 

2-780 

2-775 

2-763 

2-764 

2-795 

2 - 

765 

6 

12 

m 

3 

2-786 

2-815 

2-780 

2-804 

2-812 

2-792 

2-780 

2-775 

2-763 

2-764 

2-795 

2 - 

766 

7 

12 


4 

2-788 

2-817 

2-802 

2-806 

2-814 

2-794 

2-780 

2 - 7-75 

2-763 

2-764 

2-795 

2 - 

766 

8 

12 

ii 

5 

2-780 

2-818 

2-804 

2-809 

2-816 

2-795 

2-781 

2-775 

2-763 

2-766 

2-796 

2 - 

766 

9 

12 

ii 

.6 

2-791 

2-820 

2-805 

2-811 

2-818 

2-797 

2-781 

2-775 

2-763 

2-766 

2-796 

2 - 

766 

10 

12 

ii 

7 

2-792 

2-821 

2-807 

2-813 

2-820 

2-799 

2-782 

2-775 

2-764 

2-767 

2-797 

2 

767 

11 

12 

ii 

8 

2-793 

2-822 

2-808 

2-814 

2-821 

2-800 

2-782 

2-775 

2-764 

2-767 

2-797 

2 

767 

Midnight 

9 

2-794 

2-823 

2-809 

2-815 

2-822 

2-800 

2-783 

2-775 

2-764 

2 • *767 

2-798 

2 

767 

1 

12 

A.M. 

10 

2-795 

2-824 

2-810 

2-816 

2-822 

2-801 

2-783 

2-775 

2-763 

2-768 

2-798 

2 

767 

2 

12 

ii 

11 

2-796 

2-825 

2-811 

2-817 

2-824 

2-802 

2-783 

2-775 

2-763 

2-768 

2-799 

2 

768 

3 

12 

ii 

12 

2-797 

2-826 

2-812 

2-818 

2-824 

2-803 

2-784 

2-775 

2-763 

2-769 

2-799 

2 

768 

4 

12 

» 

13 

2-798 

2-827 

2-813 

2-818 

2-824 

2-804 

2-784 

2-776 

2-764 

2-769 

2-799 

2 

769 

5 

12 

ii 

14 

2-799 

2-828 

2-814 

2-820 

2-826 

2-806 

2-785 

2-776 

2-764 

2-769 

2-800 

2 

769 

6 

12 

ii 

15 

2-801 

2-830 

2-815 

2-821 

2-826 

2-806 

2-786 

2-776 

2-764 

2-770 

2-801 

| 

2 

769 

7 

12 

ii 

16 

2-803 

2-831 

2-816 

2-820 

2-823 

2-800 

2-784 

2-776 

2-765 

2-770 

2-801 

2 

771 

8 

12 

ii 

17 

2-800 

2-830 

2-813 

2-815 

2-815 

2-800 

2-783 

2-776 

2-764 

2-769 

2-800 

2 

770 

9 

12 

ii 

18 

2-794 

2-826 

2-808 

2-810 

2-816 

2-797 

2-782 

2-776 

2-764 

2-768 

2-799 

2 

768 

10 

12 

ii 

19 

2-790 

2-823 

2-805 

2-806 

2-813 

2-794 

2-782 

2-776 

2-763 

2-768 

2-799 

2 

767 

11 

12 

ii 

20 

2-788 

2-819 

2-803 

2-805 

2-812 

2-794 

2-781 

2-776 

2-763 

2-769 

2-800 

2 

767 


Noon 

21 

2-788 

2-818 

2-802 

2-805 

2-812 

2-793 

2-781 

2-776 

2-763 

2-770 

2-798 

2 

767 

1 

12 P.M. 

22 

2-787 

2-816 

2-801 

2-804 

2-811 

2-793 

2-780 

2-776 

2-763 

2-770 

2-797 

2 

766 

2 

12 

• 

28 

2-786 

2-814 

2-799 

2-803 

2-806 

2-792 

2-780 

2-776 

2-763 

2-769 

2-796 

2 

765 

3 

12 



i. 
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VERTICAL INTENSITY: 4, Mean Hourly Values eor each Month. 

D. 1857. 



2-780 

2-779 

2-778 

2-779 

2-780 

2-781 

2-782 

2-783 

2-783 

2-784 

2-784 

2-784 

2-785 

2-786 

2-787 

2-787 

2-785 

2-782 

2-781 

2-779 

2-779 

2-779 

2-780 

2-779 


2-785 
2-784 
2-784 
2-784 
2-785 
2-785 
2-785 
2-785 
2-785 
2-786 
2-786 
2-786 
2-787 
2-787 
, 2-787 
2-788 
2-787 
2-786 
2-786 
2-785 
2-786 
2-786 
2-786 
2-786 


2-782 
2-781 
2-780 
2-780 
2-780 
2-780 
2-781 
2-781 
2-781 
2-781 
2-781 
2-781 
2-781 
2-781 
2-781 
2-781 
I 2-781 
2-781 
2-782 
2-782 
2-782 
2-782 
2-782 
2-782 


2-787 

2-787 

2-788 

2-789 

2-790 

2-790 

2-791 

2-791 

2-791 

2-791 

2-792 

2-792 

2-792 

2-793 

2-793 

2-794 

2-794 

2-792 

2-791 

2-790 

2-790 

2-790 

2-789 

2-789 


2-791 
2-792 
2-792 
2-792 
2-792 
2-792 
2-793 
2-793 
2-793 
2-793 
2-793 
2-794 
2-794 
2-794 
2-794 I 
2-795 
I 2-796 
2-795 
2-794 
2-792 
2-792 
2-791 
2-791 
2-790 


Midnight 

1 12 

A.M 

2 12 

11 

3 12 

11 

4 12 

11 

5 12 

11 

6 12 

11 

7 12 

11 

8 12 

11 

9 12 

11 

10 12 

11 

11 12 

11 


Noon 

1 12 P.M. 

2 12 „ 

3 12 „ 
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Y. TOTAL INTENSITY. 

TOTAL INTENSITY: 1 , Mean Yearly Values. 


Year. 

Total 

Intensity. 

Year. 

Total 

Intensity. 

1847 ' 

8-368 

1853 

8-470 

1848 

8-355 

1854 

8-455 

1849 

8-400 

1856 

8-461 

1850 

. . . 

1856 

8-489 

1851 

1862 

| 

8-429 

8-450 

1857 

8-493 


TOTAL INTENSITY : 2, Mean Monthly Values. 




1866. 

1866. 

1867, 

Month. 

1864. 

1866. 

. 

1866. 

B 

January 

8-437 

8-432 

8-494 

8-489 

September 

8-461 

8-476 

8-474 

8-494 

February 

8-459 

8-439 

8-503 

8-489 

October 

8-460 

8-473 

8-475 

8-494 

Maroli 

8-455 

8-448 

8-496 

8-489 

November 

8-459 

8-482 

8-492 

8-501 

April 

8-447 

8-453 

8-494 

8-490 

December 

8-454 

8-485 

8-481 

8-510 

May 

June 

8-453 

8-462 

8-455 

8-453 

8-495 

8-487 

8-483 

8-493 

Mean of Winter 1 

8-463 

8-460 

8-490 

8-495 

July 

8-461 

8-456 

8-494 

8-496 

Mean of Summer* 

8-458 

8-461 

8-488 

8-491 

August 

8-463 

8-475 

8-484 

8 ; 492 

Mean of the Tear 

8-455 

8-461 

i 

8-489 

8-493 


1 Winter j ^ anuary > February, March, 

( October, November, December. 

( April, May, June, 

2 Summer = j T _ . J , , 

( July, August, September. 
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MAGNETIC OBSERVATIONS. 


TOTAL INTENSITY: 3, Mean Hourly Values eob each Yeab. 


Gottingen 

Bombay 1 


Yearly Total Intensity. 


Mean. Time. 

Civil Time. 

1854. 

1856. 

1856. 

1867. 

' Noon 

h m 

4 12 P.M. 

8-452 

8-458 

8-489 

8-494 

1 ' 

5 12 „ 

8-451 

8-456* 

8-487 

8-491 

2 

6 12 „ 

8-451 

8-455 

8-484 

8-489 

3 

7 12 „ 

8-460 

8-455 

8-484 

8-488 

4 

8 12 „ 

8-451 

8-456 

8-483 

8-488 

5 

9 12 „ 

8-451 

8-456 

8-484 

8-487 

6 

10 12 „ 

8-452 

8-457 

8-484 

8-488 

7 

11 12 „ 

8-453 

8-458 

8-484 

8-488 

8 

Midnight 

8-454 

8-459 

8-485 . 

8-489 

9 

1 12 AM. 

8-454 

8-459 

8-486 

8-490 

10 

2 12 „ 

8-455 

8-459 

.8-486 

8-490 

11 

3 12 „ 

8-456 

8-460 

8-486 

8-490 

12 

4 12 „ 

8-456 

8-461 

8-487 

8-490 

13 

5 12 „ 

8-457 

8-461 

8-487 

8-490 

. 14 

6 12 „ 

8-457 

8-462 

8-489 

8-491 

15 

- 7 12 „ 

. 8-458 

8-463 . 

8-489 

8-492 

16 

8 12 „ 

8-459 

8-464 

8-493 

8-495 

17 

9 12 „ 

8-461 

8-466 

8-498 

8-499 

18 

10 12 „ 

8-462 • 

8-466 

8-601 

8-502 

19 

11 12 „ 

8-462 

8-467 

8-502 

8-504 

20 

Noon 

8-461 

8-465 

8-500 

8-504 

21 

1 12 P.M. 

8-460 

8-464 

8-497 

8-502 

22 

2 12 „ 

8-457 

8-462 

8-495 

8-500 

23 

3 12 „ 

8-453 

8-459 

8-493 

. 8-497 


1 In this, as in all the preceding tables “Midnight” and “Noon” is written for Oh 12m a.m., and Oh 12m 
in order more clearly to mark the divisions of day and night. 


F.M.. 


SECTION Y. 

MAGNETIC STATIONS. 


A. INDIA. 

Group I. Ass&m and Khassia Hills. 

Group II. Delta of tlie Ganges and Brahmaputra. 
Group HI. Talley of tlxe Ganges and its Tributaries. 
Group IT. Pilnj&b, Sindh, and Each. 

Group Y. Central and Southern India. 

B, HIGH ASIA, 
a. Bimdlaya . 

Group YI. Bhutan to Nep&L 


Group YH. Kamdon and Garhyal. 

Group YIH. Simla to Haz&ra. 

b. Tibet. 

Group IX. Gn&ri KhorBum. 

Group X. Lad4k. 

Group XI. B&lti and Has6ra. 

c. Karakorum and Ku&nluen, 
Group XII. Turkist&n. 


A. INDIA, 

GROUP I. 

assAm and khAssia hills. 

Dibrugarh. — Tezpur. — Udelguri. — Goluitti. — Cherra Punji. 


No. 1 . DtbeugIhh, in Upper AssIm. 

Latitude North. Longitude East Green. Height. 

27° 32' 0" 94° 57' 35" 395 feet. 

Under trees at a short distance from the left bank of the Brahmaputra, near the 
building called “namg&rh”. See p. 128. 

Observer : Hermann. 

DECLINATION. 

1856, February 5, 5 h 10” p.m. local time. Collimator 1; Theodolite 3, Troughton; Ghron 3. 


O / 

Magnetic meridian 26133-5 

True meridian (see p. 130) 260 47-1 

Declination East .... 0 46-4 
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MAGNETIC OBSERVATIONS. 


INTENSITY. 

1. Hobizontae Intensity. 

A. Vibration . 1 

1866, February 6, 2 h p.m. local time. 


Magnet vibrated 


A _ 

•Temp. 

L 1 -with ring. 

Chron.- H, losing 0 a -2. 


20-1 C., 68-2 Fahr. 
20-4 C., 68-7 Fahr. 


No. of vibrations 400 

_ . I beginning .... 129-5 

SemW0 1 ending 49-5 

Torsion (90°) O' 


■With 

Without 

ring. 

ring. 

220 

Time of 1 vibration 2-814 

132 

q = 0-00020 

110 

p. = 0-00017 

. 0' 

Time of 1 vibration corr. . . 2-821 


log K, = 0-43868 log K = 0-43821 

log mX = 0-53157 

B. Deflection. 

1856, February 6, l h 30 m p.m. local time. 

Magnets: Deflecting Ll, deflected H 21. 

Deflection bar: JT 2. Distances: 1 foot. Temp.: 19° -1 C., 66° -4 Fahr. 


1 foot. 

Mo = 6° 46' 55" 
pi = 0-00017 


m = 0-4398 


1 foot. 

Temp, of magnet 19° -1 0., 66° -4 Fahr, 
q = 0-00020 

log —■ = 8-75489 
X =i Horizontal Intensity = 7-733 


2. Dip. 

1856, February 5, ll h a.m. local time. 

Dip needle: No. 2. Temp : 16° -5 C., 61° -7 Fahr. 
End A. 


Face to instrument 38 19-1 
Face reversed ... 38 29-7 


O / 

Mean a = 38 24-4 


1 In order to expose our standard chronometers as little as possible, we used for the vibration chronometers 
“2T” and u A n by Dent, and 5 by Grant, their rate being referred, by comparison, to the standard chronometer. 
Compare p. 283. 



group i. Assist and e.hAssia hills. 
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End B. 

O t 

Face to instrument 38 39 «0 
Face reversed ... 38 32-2 


0 / 

Mean 0=3835-6 


Mean of the dip = — ^ = 38 30-0 

. A 

Dip corrected for error of needle . . . . 38 30-35 

3. Vertical Intensity • . 6-150 

4. Total Intensity 9-882 


No. 2. Tezpur, in AssIm. 


Latitude North. 
36° 34' 35" 


Longitude East Green. Height. 

92° 46' 45" 239 feet. 


On alluvial soil, right bank of the Brahmaputra in the vicinity of the circuit 
bangalo. See p. 130. 

Observer : Hermann. 


DECLINATION. 

1856, January 25, 8 h A.st. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


O / 

Magnetic meridian 278 33-8 

True meridian (see p. 131) 278 11-3 

Declination East .... 0 22-5 


INTENSITY. 


1. Horizontal Intensity. 


A. Vibration. 


Magnet vibrated 


1856, January 28, 2 k 20 m p.m. local time. 

LI ( 17-3 C., 63-1 Fahr. 

Ll with ring. emp. j q., 63-7 Fahr. 


Chron. H, losing 0 s • 2. 
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MAGNETIC OBSERVATIONS. 



Without 

With 


ring. 

ring. 

No. of vibrations ..... 

. 600 

160 

„ . ( beginning . . . 

Semiarc ] 

. 170-5 

155 

( .ending ..... 

. 140-5 

120 

Torsion (90°) 

1' 

1' 


Time of 1 vibration 


logic, = 0-43937 
log mX 


Without 
ring. 

.... 2-804 
q = 0-00020 
p. = 0-00017 

Time of 1 vibration corr. . 2-813 
logX = 0-43821 
0-53407. 


B. Deflection. 

1856, January 28, 2 11 40 m p.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflection bar: H 2. Distances: 1 foot. Temp.: 17°-1 C., 62°-8 Fatr. 


1 foot. 

« 0 =- 6° 46' 50 
[j. = 0-00017 


1 foot. 

Temp, of magnet: 17° -8 C., 64° -0 
q = 0-00020 


m 


m, 


log X = 8-75458 

0-4399 X = Horizontal Intensity = 7-758 


2. Dip. 

1856, January 24, 4 11 20 m p.m. local time. 

Dip needle: No. 2. Temp.: 16°-0 C., 60°-8 Fahr. 

End A. 


Face to instrument 37 0-5 
Face reversed ... 37 12-0 

End B. 

O l 

Face to instrument 37 18-3 
Face reyersed. ... 37 27-5 


Mean of the dip = 


Mean a = 37 6-25 

Mean g = 37 22*9 
a + 


= 37 14-58 


Dip corrected for error of needle .... 37 14-93 


With 

ring. 

7-535 

0-00020 

0-00017 

7-559 


Fahr. 


3. Yehtical Intensity 

4. Total Intensity . 


5-898 

9-746 
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No. 3. Udelguri, in Assam. 

Latitude North. Longitude East Green. Height. 

26° 45' 40" 91° 56' 30" 352 feet. 

In. a house constructed of cane and bamboo, on alluvial soil. See p. 131 . 

Observer: Hermann. 

DECLINATION. 

1856, January 2, 4 h p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


Magnetic meridian 358 13.2 

True meridian (see p. 134) 355 36-9 

Declination East .... 2 36-3 


Magnet vibrated 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, December 31, 3 h 5“ p.m. local tim e. 

hi ( 19-7 C., 67-4 Fahr. 

Ll with ring. ( 19-9 C., 67-8 Fahr. 

Chron. H, losing 0 s • 5. 


Without With Without With 

ring. ring. ring. ring. 


No. of vibrations 400 200 Time of 1 vibration ... 2-809 7-532 

Semiarc i beginning - 179 155 ■ ff — 0-00020 0-00020 

| ending 7 120 p. = 0-00017 0-00017 

Torsion (90°) 1' 1' * Time of 1 vibration corr. 2-818 7-553 


log K , = 0-44182 log K = 0-43821 

log mX = 0-53271 


B. Deflection. 

1856, January 4, 3 h 45“ p.m. local time. 
Magnets: Deflecting LI, deflected if 21. 


Deflection bar: if2. Distances: 1 foot, 1-33 foot. Temp.: 20°-0 C., 68° -0 Fahr. 

1 foot. 1-33 foot. 1 foot. 1-33 foot. 

u 0 = 6° 45' 34" 2° 51' 15" Temp, of magnet: 20° -0 C. 19°-4 C. 

p. = 0-00017 0-00017 68° -0 Fahr. 66° -9 Fahr. 

q = 0-00020 0 00020 

log 8-75521 

m = 0-4405 X — Horizontal Intensity = 7-740 


I. 


44 
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MAGNETIC OBSEBVATIONS. 


2. Dip. 

1855, December 30, 2 h 30 m p.m. local time. 

Dip needle: No. 2 . Temp.: 21°-8 0., 71°*2 Fahr. 


End A. 

0 / 

Face to instrument .... 36 21-8 
Face reversed 36 22*6 

EndB. 

o / 

Face to instrument .... 36 28*0 
Face reversed . . 36 36*8 

Mean of the dip 


Mean a = 36 22*2 


Mean p = 36 32*4 


a + P 


= 36 27-30 


Dip corrected for error of needle .... 36 27-65 
This day is marked in the Bombay magnetic observations as an abnormal day, 
but with only a very light disturbance, scarcely amounting to 1'. 

3. "Vertical Intensity 5-653 


4. Total Intensity 


No. 4. Gohatti, in Assam. 


Latitude North. Longitude East Green. Height. 

26 ° 5 ' 50 " 91° 43' 45" 134 feet. 

On detritus resting on granitic subsoil, not far from Major Vetch’s House. 
See p. 135. 

Observer : Hermann. 


26° 5' 50'‘ 


Longitude East Green. 
91° 43' 45" 


a . 18 


DECLINATION. 


Devtoubpr 14. » If local tine. Collimator „ Ttadolite 3, Troogtto,,; Oh™. 3. 


Magnetic meridian 

True meridian (see p. 139) 


o / 

. . 2 3*2 


0 3*8 


Declination East .... i 59 T 4 ' 


h. By Prismatic Compass No. 6 . 

ileiiduu us obtained Decernhe-v i,i it, 

n well defined obiect the t i ’ mar 6 7 turning the telescope to 

0bject ’ the on Kamaikia Hill, and reading off ft, , 

distance-. 1’i'i.niatic Compass No. 6, by Troughton, gavft: " 
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0 / 

Difference of the angular distance 1 54 • 0 

Correction of compass + 2-0 

Declination East, by compass 6 corrected 1 56-0 


c. 1856, November 19, ll h 20” p.m. local time. Troughton’s needle. 

In determining the longitude by lunar distances the needle in Troughton’s 
theodolite was turned, so as to read 360°, when pointing to the magnetic north. 

O / 

Meridian obtained by the Observations of Jupiter + 180 357 55*2 

Declination East 2 4*8 

Mean of the three series a, 6, c: 

Declination East 2 0*1 



B. Deflection . 

1855, December 11, 3 h 15 m p.m. local time. 

Magnets: Deflecting L 1, deflected JET 21. 

Deflection bar: H2. Distances: 1 foot, 1*33 foot. Temp.: 20° *0 C., 68° *0 Fahr. 


1 foot. 

1-33 foot. 

1 foot. 

,1-33 foot. 

M 0 = 6° 46' 39" 

2° 51' .9" 

Temp, of magnet . . 21*0 C. 

20-6 C. 

(jl = 0-00017 

0-00017 

.69 *8 Fahr. 

69-1 Fahr 



q = 0*00020 

0-00020 


fiyr 

log = 8-75320 

m = 0-4410 X — Horizontal Intensity — 7-784 

44 * 
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MAGNETIC OBSERVATIONS. 


2. Dir. 

1855, December 10, 4 h 80 m p.m. local time. 
Dip needle: No. 2. Temp. 19° -8 0., 67° -6 Fahr. 


End A. 
0 / 

Face to instrument .35 13-3 
Face reversed ... 35 7-5 


O / 

Mean a = 35 10-4 


End B. 


Face to instrument 
Face reversed , . . 


3£ 27-4 
35 27-0 


Mean p = 35 27-2 


Mean of the dip = 


a ~4~ ft 
2 


35 18-80 


Dip corrected for error of needle .... 35 19-15 


3. Vertical Intensity - . . ; 5-513 

4. Total Intensity 9-449 


No. 5. Cherra Pijnji, in the Khassia Hills. 

Latitude North. Longitude East Green. Height. 

25° 14' 15" 91° 40' 30" 4,164 feet. 

On sandstone rocks, in an open place of the station. See p. 139. 

Observer : Hermann. 

DECLINATION. 

a. 1855, November 14, 2 h 14 m p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


O / 

Magnetic meridian 360 14-4 

True meridian (see p. 144) . . 357 55-6 

Declination East .... 2 18-8 

b. For determining the declination 'with Troughton’ s needle and with compass 


No. 6, the angular distance between the meridian and a Khassia-Temple to the east 

of it was taken, and found to be 20 3 58' • 8. The means of the declination, thus 

obtained by repeated readings of the needle and bearings by the compass, were 

found: 0 , 

Declination East 2 22-0 


Mean of the two series: Declination East ... 2 20-4 
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INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, October 26, 2* 5 m p.m. local time. 


Magnet vibrated 


Temp. 


LI 

Ll with ring. 

Cliron. H, losing 0 9 -3. 


18-8 C., 65-8 Fabr. 
18-6 C., 65-5 Fahr. 



Without 

With 


ring. 

ring. 

No. «*f vibrations . . . 

... 500 

250 

[ beginning . 

... 120 

211 

Semi hit { %* 

( ending . . . 

. . . 36*5 

146-5 

Torsion (HO 8 ) 

0' 

0' 


log K, = 0-41970 


"Without I With 
ring, j ring- 


Time of 1 vibration .... 2 782 

q = 0-00020 
p. = 0-00017 

Time of 1 vibration corr. 2-791 
log K = 0-43821 
log mX = 0-54105 


7-625 

0-00020 

0-00017 

7-647 


B. Deflection. 

1855, October 28, 3 h 30 m p.m. local time. 
Magnets : Deflecting L 1, deflected H 21. 


1 foot. 

«*== 6° 42' 17" 
p. » 0-00017 


1 - 33 foot. 

1 foot. 

O 

2° 49' 27" 

Temp, of magnet . . 20-2 C. 

0-00017 

68-4 Fabr. 


q =0-00020 


1 ■ 33 foot. 
20-0 C. 
68-0 Fabr. 
0-00020 


m 


8-74925 


m 


: 0-4417 


l0g X 

X = Horizontal Intensity 


7*869 


2. Dip. 

1855, October 23, 9 k 10- M local tiroe. 

Dip needle: No. 1. Temp. 23“ -2 0., 73" -8 Mr. 
End A. 


Face to instrument 33 41-9 
Face reversed ... 34 1-6 

End B. 

O I 

Face to instrument 33 13*0 
Face reversed . . • 33 20*6 


Mean a = 33 51*75 


Mean $ — 33 16*8 

n , .... . cl + P qq 04.28 

Mean of tlie dip — 2 

. 33 37*27 


Dip corrected for error of needle 
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MAGNETIC OBSERVATIONS. 


3. Vertical Intensity . . 5-231 

4. Total Intensity . 9-449 


GROUP H. 

DELTA OE THE G- ANDES AND BRAHMAPUTRA. 

Suraj gdnj . — Dhaka. — Kulna. — Calcutta. 


No. 6. Suraj gInj, in Eastern Bengal. 

Latitude North. Longitude East Green. Height. 

24° 22' 50" 89° 43' 20" L. a. L. S. 1 (20 feet.) 

Observer: Hermann (see p. 144). 

Dip. 

1856, February 17, 3 1 * 50“ p.m. local time. 

Dip needle: No. 2. Temp.: 27°-2 C., 81°-0 Fahr. 



End A. 



Face to instrument 

Face reversed . . . 

O / 

31 54a 

32 0-5 

O 

Mean a = 31 

57*3 


End j B. 



Face to instrument 

Face reversed . . . 

32 10-3 

32 7-7 

Mean (S = 32 

9-0 

Mean of the dip 


3-15 

Dip corrected for error of needle . . . . B2 

3-50 


No. 7. DhIka, in Eastern Bengal. 

Latitude North. Longitude East Green. Height. 

23° 42' 44" 90° 20' 15" L. a. L. S. 

On alluvial clay soil, at a short distance from the landing Ghat. See p. 144. 

Observer : Hermann. 

1 L. a. L. S. = Little above the level of the sea. 
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DECLINATION. 

1855, February 21, l u 10 m p.m. local time. Theodolite 3, and Needle Troughton; Chron. 3. 


O / 

Magnetic meridian 163 46-4 

True meridian (see p. 145) 16125*2 

Declination East .... 2 21*2 


INTENSITY. 

Dip. 

1856, February 21, ll h A.M. local time. 

Dip needle: No. 2. Temp.: 25° *2 C., 77° *4 Fahr. 
End A. 


O / 


Face to instrument 30 52-0 

Face reversed ... 30 59-0 

Mean a 

o 

= 30 

55*5 

End B. 




O / 

Face to instrument 31 5-0 

Face reversed ... 31 7-5 

Mean fj 

= 81 

6*25 

Mean of the dip = 

a + ^ 

2 

= 81 

0*88 

Dip corrected for error of needle . . 

. . 31 

1*23 


No. 8. KYtlna, in Eastekn Bengal. 

Latitude North. Longitude East Green. Height. 

22° 45' 55" 89° 36' 55" L. a. L. S. 

Alluvial soil of the Ganges Delta. See p. 145. 

Observer: Hermann. 

DECLINATION. 

1856, February 24, 12 u 30 m p.m. local time. Theodolite 3, and Needle Troughton; Ohrou. 3. 


O / 

Magnetic meridian 25 23*0 

True meridian (see p. 146) 22 52*6 

Declination East .... 2 30*4 


INTENSITY. 

Dip. 

1856, February 24, 12 h 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 26° *8 C., 80° *2 Fain*. 
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End A. 


Face to instrument 29 0-4 
Face reversed ... 29 25-8 

End B. 

o 7 

Face to instrument 29 17-2 
Face reversed ... 29 30-6 


Mean a = 


29 13-1 


Mean £ = 29 23 • 9 


Mean of the dip = — — = 

A 

Dip corrected for error of needle ... 


29 18-50 
29 18-85 


No. 9. Calcutta, in Bengal. 


Latitude North. 
22° 33' 1" 


Longitude East Green. 
88° 20' 34" 


Height. 
L. a. L. S. 


On alluvial soil, in tlie botanical garden, riglit bank of the Hugli. See p. 147. 

Observer: Hermann. 

FIRST SERIES. 

DECLINATION. 

1856, March 24, l h 30 m p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 

. o'/ 

Magnetic meridian .....: 349 16-0 

True meridian (see p. 148) 346 47.6 

Declination East .... 


2 28-4 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, March 22, 2 h 55 m p.m. without ring, 4 h 7 m p.m. with ring, local time. 

o o 

II 


Magnet vibrated 


11 with ring. 


Temp. 


31-9 C., 89-4 Fahr. 
31-1 C., 88-0 Fahr. 


Chron. H, losing 0 9 • 5. 



Without 

With 


Without 


* ring. 

ring. 


ring. 

*No. of vibrations .... 

. . . 600 

80 

Time of 1 vibration 

. . . . 2-762 

. ( beginning . . 

Semiarc i 

. . . 150 

170 


q = 0-00020 

. ( ending .... 

. . . 30 

120 


\k == 0-00017 

Torsion (90°) ....... 

1' 

1' 

Time of 1 vibration 

corr. 2-763 


With 

ring. 

7-489 

0-00020 

0-00017 

7-454 
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logS; = 0-43552 logS = 0-43821 

log mX = 0-54961 

B. Deflection. 

1856, March 23, 6 h 30 m p.m. local time. 

Magnets: Deflecting L 1, deflected S21. 

Deflection bar: if 2. Distances: 1 foot, 1-33 foot. Temp.: 30° -0 C., 86° -0 Fahr. 

1-33 foot. 
29-3 C. 
84-7 Fahr. 
0-00020 


1 foot. 

1-33 foot. 

1 foot. 

Mo = 6° 24' 48" 

2° 41' 58" 

Temp, of magnet 29*7 0. 

p. = 0-00017 

0-00017 

85-5 Fahr. 



q = 0*00020 


m 


m = 4372 


log = 8-73175 
X = Horizontal Intensity = 8-108 


2. Dip. 

1856, March 23, 8 h 40 m p.m. local time. 


Dip needle: No. 2. 


Temp.: 25° -7 C., 78° -3 Fahr. 
End A. 


O / 

Face to instrument 27 53-75 


Face reversed 


27 59-0 

End B. 


Mean a = 27 56-38 


O / 

Face to instrument 28 14*25 
Face reversed . , . 28 18*50 

Mean of the dip 

Dip corrected for error of needle .... 28 6-73 

3. Vertical Intensity 4-335 


Mean £ = 28 16-38 
: = 28 6-38 


4. Total Intensity 9-193 


SECOND SERIES. 

DECLINATION. 

1857, April 13, ll h 5 m a.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O / 

Magnetic meridian 209 34-0 

True meridian (see p. 148) 207 12*1 

Declination East .... 2 21*1 

General mean of 1856 and 1857 . . . 2 25*1 
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MAGNETIC OBSERVATIONS. 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1857, April 12, 3 h 10 ra p.m. without ring 
„ „ 13, 4 h 0 m „ with ring 


local time. 


Magnet vibrated 


LI 

L 1 with ring. 


Temp. 

Chron. H, losing 0 s - 17. 


33-6 C., 92-4 Fahr. 
33-9 0., 93-1 Fahr. 


Without 

ring. 

No. of vibrations ........ 550 

beginning 188 

73 

9' 


Semiarc 


ending 
Torsion (90°) . . . 


With 

Without 

ring. 

ring. 

210 

Time of 1 vibration . ... . 2 • 820 

180 

q_ = 0-00020 

70 

p. = 0-00017 

9' 

Time of 1 vibration corr. . . 2-823 

)• 43334 

log K = 0-43821 


log mX = 0-53098 
B. Deflection. 

1857, April 12, 5 h 0 m p.m. local time. 
Magnets: Deflecting L 1, deflected H 21. 


With 

ring. 

7-624 

0-00020 

0-00017 

7-630 


Deflection bar: H3. Distances: 1 foot, 1-3 foot. Temp.: 32° -0 C., 89° -6 Fahr. 


1 foot. 

1 • 3 foot. 

1 foot. 

1-3 foot. 

u 0 = 6° 6' 38" 

2° 47' 13" 

Temp, of magnet 32-0 C. 

31-6 0. 

p. = 0-00017 

0-00017 

89-6 Fahr. 

88-9 Fahr. 



q = 0-00020 

. 0-00020 


- log— = 8-73059 

log m = 0 • 427.4 X = Horizontal Intensity = 7 • 947 


2. Dip. 


1857, April 12, l h 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 32°-3 C., 90° -1 Fahr. 
End A. 


O / 

Face to instrument 28 30-98 
Face reversed ... 28 21-0 


O l 

Mean. a — 27 25-38 
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Mean 0 = .28 19 ■ 19 




End JB. 

O / 

Face to instrument 28 22-63 
Face reversed ... 28 15-75 

Mean of tlie dip 

£i 

Dip corrected for error of needle '. ... 28 22-94 

3. Vertical Intensity . . 4-247 

4. Total Intensity 9-011 


- = 28 22-59 


GROUP III. 

VALLEY OE THE GANGES AND ITS TRIBUTARIES. 

Rarnpur Bolea. — Kisseng&nj (Bariadangi). — Patna. — Sigauli. — Benares. — Lakhnau. — Alig&rh. — Agra. — 

Mirath. 


No. 10. Rampur B6lea, in Eastern Bengal. 

Latitude North. Longitude East Green. Height. 

24° 21' '46" 88° 34' 20" 54 feet. 

On the left shore of the Ganges, a few feet above the level of the water. See p. 148, 

Observer: Hermann. 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, August 28, 5 h 30 m P.M. local time. 1 
Magnet vibrated: L 1. Temp.: 28° -3 C., 83° -0 Fakr. 

Chron. H , losing I s - 0. 



Without 


Without 


ring. 


ring. 

No. of vibrations 

. . . . 260 

Time of 1 vibration . 

. . . . 2-773 

. ( beginning . . . 

Semiarc \ 

, . . . 130 

* 

q = 0-00020 

{ ending . . . . 

. . . . 81 


[jl = 0-00017 

Torsion (90°). , 

. . . . 6' 

1 Time of 1 vibration corr. . . 2*778 

log K = 

0-43821 

log mX = 0*54519 



1 Two days later, August 30, whilst detained by Lieutenant Adam’s illness, a second series of vibrations was 
made, without and with ring, for determining K n which was found == 0*43830. 


45 * 
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MAGNETIC OBSERVATIONS. 


B. Deflection. 

1855, August 28, 4 h 10” p.m. local time. • 

Magnets: Deflecting Ll, deflected 2T21. 

Deflection bar: H2. Distances: 1 foot. Temp.: 30° -2 C., 86° -4 Fahr. 
1 foot. 

« 0 = 6° 16' 0" 

\t. = 0-00017 


1 foot. 

Temp, of magnet 30°-2 C., 86° -4 Fahr. 
q = 0-00020 


log f = 8-89269 

X = Horizontal Intensity = 6-703 


m = 0-5235 


2. Dip. 

1855, August 28, 4 h 50 m p.m. local time. 

Dip needle: No. 1. Temp.: 28° -9 C., 84° -0 Fahr. 


End A. 

o / 

Face to instrument 32 31 7 
Face reversed . . . 32 35 8 

End JB. 

o / 

Face to instrument 31 17-4 
Face reversed . . . 31 26-2 


Mean a = 32 33-75 


Mean p = 31 21-8 


Mean of the dip = — 31 57.78 

a 

Dip corrected for error of needle .... 32 0-77 

3. Vertical Intensity 6-203 

4. Total Intensity . 9-132 


No. 11. KissengAnj, or Bariadangi, in Western Bengal. 

Latitude North. Longitude East Green. Height. 

26° 6' 0" 87° 56' 8" 140 feet. 

On alluvial soil deposited by the Mahan&di river. See p. 149. 

Observer: Hermann. 
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GEOTJP III. VALLEY OF THE GANGES AND' ITS THIBET ABIES. 


DECLINATION. 

1855, August 18, 8 h 30“p.m. local time. Theodolite 1 and Needle, Troughton; Chron. 3. 


O / 

Magnetic meridian 260 30-6 

True meridian (see p. 149) 258 10-4 

Declination East .... 2 20-2 


INTENSITY. 

1. Hokizontal Intensity. 

A. Vibration. 

1855, August 18, 9 h 35“ a.m. without ring, l h 40“ p.m. with ring; local time. 

m ( 26-8 C., 80-2 Fahr. 

Temp ‘ ? 27-6 C., 81-7 Fahr. 


Magnet vibrated 


L 1 with ring. 


Chron. H, losing 0 s -6. 


Without With Without With 

ring. ring. ring. ring. 

No. of vibrations 500 190 Time of 1 vibration 2-779 7-443 

„ . ( beginning 140 160 q — 0-00020 0-00020 

Semiarc , 

( ending 70 101 (i — 0-00017 0-00017 

Torsion (90°) 6' 6' Time of 1 vibration corr. .. 2-785 7-457 


log K, = 0-44293 log K = 0-43821 

logwX = 0-54289 


B. Deflection. 

1855, August 18, 12 h 10“ p.m. local time. 

Magnets: Deflecting LI, deflected if 21. 

Deflection bar: H 2. Distances: 1 foot. Temp.: 27°-2 C., 81°-0 Fahr. 

1 foot. 1 foot. 

u 0 = 6° 15' 50 Temp, of magnet 27° -2 C., 81° -0 Fahr. 

H = 0-00017 q = 0-00020 

log 5= 8-89200 

m = 0-5217 X = Horizontal Intensity = 6-690 



MAGNETIC OBSERVATIONS. 

2. Dir. 

1855, August 17, 5 h 25“ r.ai. local time. 

Dip needle: No. 2. Temp.: 26° -5 C., 79° -7 Fahr. 
End A 


O / . 

Face to instrument 35 16 -4 
Face reversed ... 35 18-0 


0 / 

Mean a = 35 17-2 



End JB. 

0 / 

Face to instrument 35 9 -‘0 
Face reversed . . . 35 3-0 



Me&n [3 = 35 6-0 


Mean of the dip = - ~j~— ■ = 35 11-60 
Dip corrected for error of needle .... 35 11-95 


3. Vertical Intensity 4-719 

4. Total Intensity ...... . . . . ... 8-187 


No. 12. PItna, in Western Bengal. 

Latitude North. Longitude East Green. Height. 

25° 37' 12" 85° 7' 32" 170 feet. 

rich, alluvial soil, in a garden. See p. 149. 

Observer: Hermann. 


FIRST SERIES. 

DECLINATION. 

>7, February 6, ll h 10“ a.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O / 

Magnetic meridian • • • 223 45-0 

True meridian (see p. 150) 221 51-1 

Declination East .... 1 53-9 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1857, February 7, 12 h 20“ p.m. without ring, l h 10“ n.M. with ring; local time. 



Magnet vibrated 


LI 

L 1 with ring. 


Without 

ring. 

No. of vibrations 270 


Semiarc 


beginning 
ending 


163 

77 


Torsion (90°) 


With 

ring. 

200 

198 

136 

0 ' 
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j 23-9 C., 75-0 Fahr. 


Temp. 

(24-6 0., 76-2 Fahr. 


losing 0 s -2. 

Without 

With 

II 

ring. 

ring. 

Time of 1 vibration .... 2-844 

7-660 


cl == 0-000201 

0-00020 


u. = 0-00017 

0-00017 

Time of 1 vibration corr. . . 2 ■ 850 

7-674 

log K = 

= 0-43821 



log K, = 0-43720 

log mX = 0-52285 

B. Deflection. 

1857, February 7, 5 h 25 m p.m. local time. 

Magnets: Deflecting LI, deflected S 21. 

Deflection bar: H3. Diotanceo: 1 toot, 1-8 toot. Temp.: 25”.0 0., 77”-0 Fata. 
1 foot. 

•«„ = 6° 25' 37" 

^ = 0-00017 


1 - 3 foot. 

1 foot. 

O 

2° 56' 21" 

Temp, of magnet 24-3 0. 

0-00017 

75-8 Fahr. 

mv J 

q = 0*00020 


1 - 3 foot. 
24-1 C. 
75-4 Fahr. 
0-00020 


■in = 0-4351 


log J = 8-75436 

X = Horizontal Intensity == 7-660 


2. Dip. 

1857, February 7, 3* 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 26”. 3 0., 79”. 4 Fata. 
End A. 


O / 

Face to instrument 33 31-25 
Face reversed ... 33 27-63 

End JB. 

O / 

Face to instrument 33 32-25 
Face reversed . . • 33 29*31 

Mean of the dip = ^ 

Dip corrected for error of needle .... 33 30-46 

3. Vertical Intensity 5 ' 075 

4. Total Intensity 9,187 


Mean '« = 33 29-44 


Mean fl = 33 30-78 
a + p 


= 33 30-11 
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SECOND SERIES. 
INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 


1857, March 20, 2 h p.m. local time. 

Magnet -vibrated: L 1. Temp.: 28° -3 C., 83° -0 Eahr. 
Chron. H, losing 0 s -6. 


No. of vibrations . 

. . . . 120 

Time of 1 

vibration .... 

2-835 

„ . ( beginning 

Semiarc < 

. . . . 160 



q = 0-00020 

( ending 

. . . . 140 



jj. = 0-00017 

Torsion (90°) 

. . . . 0' 

Time of 1 

vibration corr. . 

. . . . . 2-837 


log K = 0-43821 log mX = 0-52667 

B. Deflection. 

1857, March 20, l h 30 m p.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflection bar: if 3. Distances: 1 foot, 1-3 foot. Temp.: 27° -2 C., 81°-0 Fahr. 


1 foot. 

1-3 foot. 

1 1 foot. 

1-3 foot. 

w 0 = 6° 28' 34" 

2° 57' 2" 

I o 

Temp, of magnet 26-7 C. 

27 -2 C. 

(x = 0-00017 

0-00017 

80-0 Fahr. 

81-0 Fahr. 



q = 0-00020 

0-00020 


log ^ = 8-75402 

m = 0-4369 X = Horizontal Intensity = 7-697 

Mean of the two series . . . = 7-678 


2. Dip. 

1857, March 23, 5 h 10 m p.m. local time. 

Dip needle: No. 2. Temp.: 27°-3 C., 81°-2 Fahr. 

End A. 

O / 


Face to instrument 33 35*7 
Face reversed ... 33 40-5 


Mean a. = 33 38-1 
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End B. 

O / 

Face to instrument 33 31*3 
Face reversed ... 33 32*9 


o / 

Mean p = 33 32-1 


Mean of tie dip = - = 33 35-10 

‘A 

Dip corrected for error of needle . . ; . 33 35-45 
General Mean 33 32-85 


3. Vertical Intensity ....... 5-095 

4. Total Intensity . 9-230 


For approximatively determining the daily variation of the horizontal intensity, 
the deflection apparatus was observed March 21. Magnetic, was used as the deflecting 
one, at 1 foot distance. 

One tenth of a minute was the unity read off from the scales, to which corre- 
sponded an absolute value in English units — 0-00090, as deduced from the preceding 
observations of deflection. 

Increasing numbers denote an increase of the intensity. The time is local 
time for Patna and for Bombay. The scale readings were: Patna, 1857, March 21. 

6 1 ' 40“ a.m. 10 h a.m. 3 h 30” P.M. 5 h 10 m p.m. 

302-8 310-2 309-0 ' 308-9 


Differences 


in scale readings 
in English units 


7-4 1-2 0-1 

4- 0-0068 0-0011 — 0-0001 


Observations at Bombay, 1857, March 21, in English Units: 

6 h 12“ a.m. 10 h 12” A.M. 3 h 12” P.M. 5 h 12” p.m. 
8-0181 8-0345 8-0290 No observation. 

Differences +■ 0-0164 — 0-0055 


No. 13. SigjCuli, in Western Bengal. 

Latitude North. Longitude East Green. Height. 

26° 46' 41" 84° 44' 26" 260 feet. 

Near Major Holmes’ house; in a fine garden. See p. 151. 

Observer : Hermann. 

Dip. 

1857, February 16, 2 h 55” p.m. local time. 

Dip needle: No. 2. Temp.: 27°-6 C., 81° -7 Fahr. 


i. 


46 
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End A. 

O / 

Face to instrument 35 46-4 
Face reversed ... 35 42-8 


o / 

Mean a = 35 44-6 


End B. 


Face to instrument 
Face reversed . . . 



Dip corrected for error of needle . . . . 35 40-10 


No. 14. BenIres, in HindostXn (N. W. Prov.) 

Latitude North. longitude East Green. Height. 

25° 18' 26" 82° 59' 47" 325 feet. 

In a garden n °t far from the English church, on alluvial soil. See p. 151. 

Observer: Hermann. 

DECLINATION. 

1856, April 4, 4 h 30 m p.m. local time. Collimator 1; Theodolite 3, Troughton; Ohron. 3. 


O / 

Magnetic meridian . . . 102 52*2 

True meridian (see p. 152) 101 1-9 


Declination East. ... 1 50-3 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 


1856, April 3, 5 h 50 nl p.m. local time. 

o o 


Magnet vibrated 


L 1 

L 1 with ring. 


Temp. 


37-1 C., 98-7 Fahr. 
36-8 C., 98-2 Fahr. 


Chron . H, losing 0 B -8. 

Without With Without With 

ring. ring. ring. ring. 

No. of vibrations . 300 160 Time of 1 vibration . . 2-801 7*565 

( beginning ..... 180 220 # == 0-00020 0-00020 

Semxarc j end . ng 80 uo p, = 0-00017 0-00017 

Torsion (90°) 1' 1' Time of 1 vibration corr. 2-799 7-561 

log K, = 0-43415 log K = 43821 

log mX = 0-53843 
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B. Deflection. 

1856, April 3, 4 h 20 m p.m. local time. 

* Magnets : Deflecting L 1, deflected 2T21. 

Deflection bar: H 3. Distances: 1 foot. Temp.: 38°-6 C., 101°-5 Fahr. 


% = 6° 46' 40" 
(i - 0-00017 


Temp, of magnet 38°-0 C., 100°-4 Fahr. 
2 = 0-00020 


log Jr = 8-75179 

X — Horizontal Intensity = 7-822 


m — 0-4417 


2. Dip. 

1856, April 3, 12 h 20 m p.m. local time. 

Dip needle employed: No. 2. Temp.: 37° -9 C., 100° -2 Fahr. 

End A. 


O / 

Face to instrument 32 41-2 


Face reversed . . 


32 28-8 

End B. 


Mean a 


32° 35-0 


Mean (3 = 32 46-8 

- °L± P 
2 


O / 

Face to instrument 32 53-6 
Face reversed ... 32 40-0 

Mean of the dip — = 32 40-90 

Dip corrected for error of needle = 32 41-25 

3. Vertical Intensity 5-020 

4. Total Intensity 9 •294- 


No. 15. 

LXkhnAu, in Audh. 


Latitude North. 

Longitude East Green. 

Height. 

26° 51' 10" 

80° 55' 32" 

520 feet. 


In a garden, on alluvial soil, not far from the Resident’s (then General Outranks) 
house. See p. 152. 

Observer: Hermann. 

DECLINATION. 

1856, April 9, 8 h 30 m a.m. local time. Collimator 1; Theodolite 3, Troughtpn; Chron. 3. 


O / 

Magnetic meridian 324 6-8 

True meridian (see p. 153) 321 29-4 

Declination East .... 2 37-4 

46 * 
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INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, April 9, 7 1 ' 10“ a.m. local time. 


Magnet vibrated 


LI 

L 1 with ring. 


Temp. 


j 30-9 0., 87-6 Fahr. 
| 31-9 0., 89-5 Falir. 


Semiarc | ^ 
Torsion (90°) 



Chron. iT, losing I s -3. 

■Without 

With 

Without 

ring. 

ring. 

ring. 

. . 400 

160 

Time of 1 vibration . . . 2-819 

. . 130 

230 

q = 0-00020 

. . 43 

66 

p. = 0-00017 

1' 

1' 

Time of 1 vibration corr. 2 • 822 

log K, = 

0-43471 

log K = 43821 


ring. 

7-615 


7-607 


log mX = 0-53151 


B. Deflection. 

1856, April 9, 9 h a.m. local time. 

Magnets: Deflecting Ll, deflected H 21 
Deflection bar: H 3. Distances: 1 foot. Temp.: 31° -5 C., 88° -7 Falir. 


1 foot. 
u 0 = 6° 7' 0" 
p. = 0-00017 


1 foot. 

Temp, of magnet 33° -0 0., 91° -4 Falir. 
q = 0-00020 

8-70644 


m = 0-4159 


■4159 X = Horizontal Intensity = 8-176 

2. Dip. 

1856, April 9, 3 1 ’ 35 m p.m. local time. 

Dip needle: No. 2. Temp.: 34° -3 C., 93° -7 Falir. 
End A. 


Face to instrument 35 26-1 
Face reversed ... 35 18-2 


End D. 


Face to instrument 35 5-0 
Face reversed ... 35 23-5 


O / 

Mean a = 35 22 • 15 


Mean (3 = 35 14-25 


Mean of the dip = x - = 35 18-20 

tu 

Dip corrected for error of needle .... 35 18-55 
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3. Vebtioal Intensity 5-789 

4. Total Intensity . 10-019 


No. 16. AligAbh, in HindostAn (N.W. Pbov.). 

Latitude North. Longitude East Green. Height. 

27° 53' 50" 78° 3' 55" 760 feet. 

On alluvial soil, in a garden. See p. 153. 

Observer: Hermann. 

DECLINATION. 

1856, January 18, 6 h p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 

0 t 

Magnetic meridian 254? 31-1 

True meridian, fixed by a mark of Mr. Gubbins’ (see p. 153) 252 53-8 

Declination East .... 1 37-3 


Dip. 


1857, January 18, ll h 35™ a.m. local time. 

Dip needle: No. 2. Temp.: 21° -6 C., 70°-9Fahr. 


End A. 


0 / 

Face to instrument. 37 2-3 
Face reversed .... 37 5-3 


0 

Mean a = 37 


3-8 


Face to instrument. 
Face reversed .... 


o / 

37 0-8 
36 45-8 


End B. 


Mean p = 36 53-3 


Mean of the dip = - = 36 58-55 

Dip corrected for error of needle .... 36 58-90 


No. 17. Agba, in Hind o stan (N.W. Prov.). 

Latitude North. Longitude East Green. Height. 
27° 10' 26" 78° 1' 39" - 657 feet. 
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On a thick stratum of alluvial soil. The instruments were put up not 'far from the 
Chief Engineer’s (General Boileau’s) office. See p. 154. 

Observer: Hermann. 

DECLINATION. 

1856, April 15, 2 h 10“ p.m. local time. Collimator 1; Theodolite 3, Troughton ; _ Chron. 3. 


O / 

Magnetic meridian 101 22 • 9 

True meridian (see p. 153) < . 100 2*9 

Decimation East .... 1 20-0 


No. 18. Mi'rAth, in HindostAn (N.W. Prov.). 

Latitude North. Longitude East Green. Height. 

29° 0' 41" 77° 41' 48" 865 feet. 

On alluvial soil, near the central part of the station. See p. 154. 

Observer: Hermann. 

DECLINATION. 

1856, April 18, 4 11 30“p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 

O / 

Magnetic meridian . . . 251 58-5 

True meridian, from Mr. Gubbins’ meridian marks (see p. 154) 250 10*1 

Declination East .... 1 48*4 


GROUP IV. 

P AN JAB, SINDH, AND KACH. 

Ambala. — Lahor.— Raulpindi.— Peshaur. — Shahpur.— D£ra Ismael Khan.— Multan.— Shikarpur.— 

S4van. — Karrachi. — Bhuj.— Rajkot. 


No. 19. AmbAea, in Sarhind (PAnjAb). 

Latitude North. Longitude East Green. Height. 

30° 21' 25" 76° 48' 49" 1,026 feet. 

On alluvial soil, with much k&nker, but no boulders. See p. 154. 

Observer: Hermann. 
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DECLINATION. 

1 fc$ 57, January 15, 11 11 38™ a.m. local time. Collimator 1; Theodolite 2, Jones ; Chron. 3. 


Magnetic meridian 8 30-5 

True meridian (see p. 155) 6 4-3 


Declination East .... 2 26-2 


Dip. 


1857, January 16, 9 1 ' 45 m a.m. local time. 

Dip needle: No. 2. Temp.: 18° -6 C., 65° -5 Eahr. 


End A 


O / 

Face to instrument 40 52-0 
Face reversed ... 40 57-6 


O / 

Mean a = 40 54-8 


End B. 


O / 

Face to instrument 40 38-0 
Face reversed ... 40 44-6 


Mean {S = 40 41-3 


Mean of the dip = - = 40 48 ■ 05 

Dip corrected for error of needle .... 40 48-40 


No. 20. Lah6b, in the PInjIb. 

Latitude North. Longitude East Green. Height. 

31° 34' 5" 74° 14' 37" 790 feet. 

Near the Company’s garden, clayey soil, but cultivated. See p. 156. 

Observer: Hermann. 

DECLINATION. 

1857, January 7, 4 h 30“ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 

O / 

Magnetic meridian • 2 8 ' 3 

True meridian (see p. 156) 0 6-0 

Declination East .... 2 2*3 
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INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1857, January 6, 4 h 50“ p.m. local time. 

20-1 C., 68-2 Fahr. 
19-8 C., 67-7 Fahr. 


Chron. H, losing l B -0. 



Without 

With 

Without 

With 


ring. 

ring. 

ring. 

ring. 

No. of vibrations .... 

. . . 559 

290 

Time of 1 vibration .... 2 • 949 

7-943 

Semtarc j ' ' 

( ending .... 

. . . 80 

60 

q = 0-00020 

0-00020 

... 10 

30 

(jl = 0-00017 

0-00017 

Torsion (90°) 

... 7' 

r 

Time of 1 vibration corr. 2-959 

7-970 


log K, = 0 • 43696 log K = 0 • 43821 

log mX— 0-49021. 


Magnet vibrated 


L 1 

L 1 with ring 


Temp. 


B. Deflection. 

1857, January 7, 10 h 45“A.M. local time. 
Magnets: Deflecting Ll, deflected #21. 


Deflection bar: II 3. Distances: 1 foot, 1-3 foot. Temp. 


m = 0-4309 


12- 8 C., 55-0 Fahr. 

13- 3 C., 55-9 Fahr. 


1 foot. 

1 • 3 foot. 

1-3 foot. 

O III 

o / n 

O 

u 0 — 6 57 39 

3 9 23 

Temp, of magnet ... 13-3 C. 

(j. = 0-00017 

0-00017 

56-0 Fahr. 



q = Q. 00020 


m 


log ~ = 8-77863 

X = Horizontal Intensity = 7-175 


1 • 3 foot. 

13-9 0. 

57 -0 Fahr. 
0-00020 


2. Dip. 

1857, January 6, 3 h 25“ p.m. local time. 

Dip needle: No. 2. Temp.: 20° -6 C., 69° -1 Fahr. 
End A. 


O / 

Face to instrument 43 19-65 
Face reversed ... 43 21-25 


O / 

Mean a = 43 20-45 
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End B. 

O / 

Face to instrument 43 14*15 
Face reversed . . . 43 13*30 
Mean of the dip 


Mean p = 43° 13*73 
= - j - = 43 17-09 


Dip corrected for error of needle .... 43 17-44 


3. Vertical Intensity 6-758 

4. Total Intensity 9-856 


No. 21. RaulpIndi, in the PXnjIb. 

Latitude North. Longitude East Green. Height. 

33° 36' 30" 72° 59' 49" 1,674 feet. 

On hard soil, with numerous strata of conglomerates. See p. 156. 

Observers: Adolphe and Robert. 

DECLINATION. 

1856, December 2, 3 h 10™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O i 

' Magnetic meridian 214 42-5 

True meridian (see p. 161) 211 37-0 


Declination East .... 3 5-5 


INTENSITY. 


1. Horizontal Intensity. 

A. Vibration. 


1856, December 3, 2 h 5™ p.m. local time. 


Magnet vibrated 


L 1 

Ll with ring 


Temp. 


19-1 C., 66-4 Fahr. 
19-6 C., 67-2 Fahr. 


Chron. H . , losing 0“-8. 



Without 

With 


Without 

. With 


ring. 

ring. 


ring. 

ring. 

No. of vibrations .... 

. . 600 

420 

Time of 1 vibration 

. . . . . 2 s -999 

8 s -068 

. 1 beginning . . 

. . 117-5 

152-5 


q = 0-00020 

0-00020 

UIjIJLUcUVj \ 

( ending .... 

. . 35 

130-5 


p, = 0-00017 

0-00017 

Torsion (90°) 

. . '0' 

O' 

Time of 1 vibration 

corr. . . 3“ -007 

8 s -090 


log K, = 0-43821 log K = 0-43821 

log mX = 0-47615 


I. 


47 
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B. Deflection. 

1856, December 5, 4 h 15“ p-m. local time. 
Magnets: Deflecting LI, deflected #21. 

Deflection bar: if 8. Distances: 1 foot, 1-3 foot. Temp. 


1 foot. 

1-3 foot. 

1 foot. 

u 0 — 7° 18' 49" 

3° 18' 52" 

Temp, of magnet 16-0 C. 

(i = 0-00017 

0-00017 

60-8 Fahr. 



q = 0-00020 


16-0 C., 60-8 Fahr. 

15-8 C., 60-4 Fahr. 

1-3 foot. 
15-8 C. 
60-4 Fahr. 
0 • 00020 


m 


m = 0-4345 


log ~ = 8-79984 
X = Horizontal Intensity = 6-889 


2. Dip. 

1856, December 6, l h 30“ p.m. local time. 

Dip needle: No. 2. Temp.: 15° -6 C., 60° -1 Fahr. 
End A. 


O / 

Face to instrument 46 9-67 

Face reversed ... 45 55*20 

End B. 

0 / 

Face to instrument 45 49*69 
Face reversed ... 45 46*85 

Mean of the dip 

Dip corrected for error of needle . . . . 45 55-71 

3. Vertical Intensity 7-115 

4. Total Intensity 9-904 


o / 

Mean a = 46 2-44 


Mean ^ = 45 48-27 

a + £ 


= 45 55-36 


No. 22. PeshXur, in the PInjAb. 

Latitude North. Longitude East G-reen. Height. 

34° 3' 10" 71° 33' 19" 1,250 feet, 

On alluvial soil, deposited by the Himalayan rivers. See p. 162. 

Observer: Adolphe. 
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DECLINATION. 

1856, December 22, 5“ 30“ p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 


O / 

Magnetic meridian 293 24-7 

True meridian (see p. 164) 290 56-8 

Declination East .... 2 27*9 


INTENSITY. 

1. Horizontal Intensity. 
A. Vibration. 


1856, December 23, 4 h 30” p.m. local time. 


Magnet vibrated: B 7 1 


Temp. 


15-0 C., 59-0 Fahr. 
13-4 C., 56-1 Fahr. 



Without 

ring. 

3 s - 321 
0-00021 
0-00017 
3“ • 303 


B. Deflection. 

1556, December 23, 10 h 30” a. m. local time. 

Magnets: Deflecting B 7, deflected JB2. 

) 14-4 C., 58-0 Fahr. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp, j g^.Q 

1 foot. 1-3 foot. 1 foot. 1-3 foot. 

O O 

u 0 — 3° 23' 55" 1° 33' 6" Temp, of magnet 14-6 C. 16-7 C. 

p. = 0-00017 0-00017 58-2 Fahr. 62-0 Fahr. 

q = 0-00020 0-00020 

log-J = 8-47465 

m = 0-2226 X = Horizontal Intensity = 7-464 

1 Like ourselves, Adolphe frequently made observations for determining the value of K. We, however, cannot 
mob use of these observations, as his inertia rings have been lost together with his other instruments. Compare 
p. 285, where the data which we adopt for his K are detailed. 


47 * 
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2. Die. 

1856, December 22, 5 h p.m. local time. 

Dip needle: No. 8. Temp.: 16° -6 C., 61° -9 Fahr. 
End A. 


Face to instrument 47 7 • 0 
Face reversed ... 47 8-5 

End B. 

O / 

Face to instrument 45 46-5 


Mean a = 47 7. -75 


Mean (5 = 45 45-5 


46 26-63 


Face reversed ... 45 44-5 

Mean of the dip = 

Ji 

Dip corrected for error of needle . . . . 46 25-75 

3. Vertical Intensity 7-845 

4. Total Intensity . . 10-830 ' 


VARIATIONS. 

A. Declination. 

The declination was observed from December 24, 1856, to January 19, 1857 
(needle B 5 being suspended in the vibrating apparatus, which could also be used 
for declination). The units of scale readings are '/ 10 of minutes of arc. 

Increasing numbers correspond to an easterly motion of the declination. 
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Scale Readings of the. Declinometer. 
Peshaur, 1856-7, December and January. 
Unit = y 10 Minute. 




7 h j5 m 

9 h 

12 h 

2 h 

5 h 

8 h 

1856, December 

24 

285 

285 

284 

284 

286 

286 


25 

288 

288 

286 

288 

290 

290 

11 

26 

288 

288 

286 

. . . 

290 

290 

11 

27 

290 

290 

288 

288 

290 

289 

11 . 

28 

292 

292 

289 

290 

290 

291 

11 

29 

290 

290 

. . . 

288 

290 

288 

11 

30 

290 

292 

290 

292 

292 

291 

ii 

31 

290 

292 

290 

292 

292 

291 

1857, January 

1 

290 

292 

290 

292 

292 

293 

n 

2 

292 

293 

290 

290 

292 

292 

5? 

3 

294 

293 

289 

292 

292 

292 

11 

4 

292 

294 

291 

292 

292 

290 

11 

5 

294 

294 

292 

292 

292 • 

292 

11 

6 

292 

294 

292 

292 

292 

292 

11 

7 

294 

296 

293 

294 

294 

295 

11 

8 

293 

296 

294 

293 

294 

# 294 

15 

9 

294 

295 

294 

294 

294 

295 

11 

10 

294 

296 

295 . 

294 

294 

294 

11 

11 

294 

295 

295 

294 

295 

296 

1? 

12 

295 

295 

294 

294 

294 

295 

11 

13 

294 

295 

294 

295 

295 

296 

11 

14 

294 

296 

294 

294 

295 

294 

11 

15 

293 

295 

294 

294 

295 

296 

11 

16 

294 

295 

295 

296 

296 

297 

11 

17 

295 

296 

297 

296 

299 

298 

11 

18 

295 

296 

295 

297 

297 

298 

11 

19 

294 

297 

296 

296 

297 

297 

Means . . . 

.... 

. 292-2 

293-4 

292-2 

292-4 

292-9 

293-0 


The curve being completed and the mean of the 24 hours taken, the daily varia- 
tion of the declination for each hour -was found to be as follows: 
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Declination at Peshaur ; Daily Variation: 1856, December 24, to 1857, January 19 

(compare Plate 2). 

A. M. P.M. 


Midnight 

0-01 

Noon 

— 0-05 

1 

0-00 

1 

— 0-04 

2 

— 0-01 

2 

— 0-03 

3 

— 0-02 

3 

— 0-02 

4 

_ 0-03 

4 

— 0-00 

5 

— 0-04 

5 

0-02 

6 

-- 0-05 

6 

0-02 

7 

— 0-05 

7 

0-03 

8 

0-03 

8 

0-04 

9 

0-07 

9 

0-03 

10 

0-08 

10 

0-02 

11 

0-02 

11 

0-02 


Though in Bombay the winter months, December and January, also show a con- 
siderably sm aller difference of the extremes than the summer months, Peshaur has it 
still much more reduced. The morning maximum nearly coincides in time with Bom- 
bay, but the afternoon elevation of the curve takes place later, and is very small. 

B. Horizontal Intensity. 

The deflection by B1 was reduced to absolute values by multiplying the scale 
readings, y i0 of the minute, with 0 - 00350. This factor was deduced from the direct 
observations of deflection by substituting a greater value than the angle observed, 
and considering the parts of difference of the results to be within the range of the 
observations here to be reduced, as proportional to the differences between the angles 
of deflection themselves. 

The following tables show the scale readings and their comparison with Bombay. 
Increasing numbers correspond to an increase of the Horizontal Intensity. 
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Deflection at Peshaue, 1857, January, local time. 




7 h 

9 h 

Noon 

2 h 

5 h 

January 21 

299 

300 

300 

300 

302 

n 

22 

303 

304 

304 

303 

304 

ii 

23 

305 

307 

306 

306 

308 

i? 

24 

309 

312 

311 

311 

314 

ii 

25 

314 

316 

316 

315 

317 

n 

26 

320 

322 

321 

322 

322 

ii 

27 

322 

323 

322 

321 

322 

ii 

28 

322 

322 

322 

321 


Mean . . 


. 311-7 

312-0 

312-7 

312-4 

312- 


Differences (variations of l in 

scale 

readings 

-J- 0*5 

+ 0-7 

- 0-3 

-f 0-3 

Horizontal Intensity) ( in 

absolute values 

-f 0-0175 

+ 0-0245 - 

— 0-0105 

+ 0-0105 

Horizontal 

Intensity at Bombay, 1857, January, local time. 




7 h 12 m 

9 h 12 m 

Noon 12™ 

2 h 12 m 

5 h 12 m 

January 

21 

8-0151 

8-0210 

8-0271 

8-0255 

8-0173 

ii 

22 

8-0162 

8-0210 

8-0280 

8-0267 

8-0214 

ii 

23 

8-0128 

8-0216 

8-0276 

8-0234 

8-0185 

ii 

24 

8-0107 

8-0181 

8-0226 

8-0214 

... 

ii 

25 

. . . 

• . . 

.... 

. . . 

8-0155 

ii 

26 

8-0151 

8-0183 

8-0263 

8-0194 

8-0118 

ii 

27 

8-0099 

8-0189 

8-0238 

8-0189 

8-0126 

ii 

28 

8-0093 

8-0181 

8-0286 

8-0234 

8-0157 

Mean . . 

. . . 

. 8-0127 

8-0196 

8-0263 

8-0227 

8-0161 


Differences (variations in absolute values) + 0-0069 -f- 0-0067 — 0-0036 — 0-0066 


No. 23. ShIhpur, in the PInjIb. 

Latitude North. Longitude East Green. Height. 

32° 14' 0" 72° 32' 30" 680 feet. 

Alluvial soil of the Jech Duab. See p. 164. 

Observer: Kobert. 

DECLINATION. 

1856, December 28, 9 h 20 m a.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4 


o i 

Magnetic meridian • • 103 37*7 

True meridian (see p. 169) 10 2 18-0 


Declination East .... 1 19-7 
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MAGNETIC OBSERVATIONS. 


No. 24. DiRA Ismael Khan, in the PXnjIb. 

Latitude North. Longitude East Green. Height. 

31° 39' 35" 70° 56' 30" 478 feet. 

Clayey soil, on the right side of the Indus. See p. 169. 

Observer: Adolphe. 


DECLINATION. 


1857, February 25, 9 1 * 15 m p.m. local time. Collimator 2; Theodolite 1, Troughton; Chron. 1. 


O / 

Magnetic meridian . . .' 50 22-2 

True meridian (see p. 171) 49 24-0 

Declination East.. ... 0 58-2 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1857, February 25, 4 11 35™ p.m. local time. 


Magnet vibrated: B7. Temp.: 24° -2 C., 75° -6 Fahr. 
Chron. A, losing 4 s -8. 



Without 


Without 


ring. 


ring. 

No. of vibrations 

. 300 

Time of 1 vibration 

3 a -274 

. ( beginning . . . 

Semiarc < 

. 183-5 


q = 0-00021 

( ending . ... 

. 103-5 


f* = 0-00017 

Torsion (90°) 

1' 

Time of 1 vibration 

corr. . . 2 s -286 

log K = 

0-26891 

log mX = 0-22993 



B. Deflection. 


1857, February 25, 3 1 40 m p.m. local time. 
Magnets: Deflecting J37, deflected B 2. 


Deflection bar: A. 


Distances: 1 foot, 1 ■ 3 foot. 'Temp. 


24-8 C., 76-6 Fahr. 
24-5 C., 76-1 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

CO 
r — 1 

t- 
1— i 

O 

CO 

II 

1° 30' 13" 

O 

Temp, of magnet 25-0 C. 

jjl = 0*00017 

0-00017 

77-0 Fahr. 



q = 0-00020 


1 • 3 foot. 
25-0 C. 
77-0 Fahr. 
0-00020 


log-J = 8-46282 

w = 0*2223 X = Horizontal Intensity = 7-648 



GROUP IV. PUNJAB, SINDH, AND KACH. 

2. Dip. 

1857, February 24, 4 h 30“ p.m. local time. 

Dip needle: No. 4. Temp.: 23° -9 0., 75° -0 Fahr. 
End A. 


Face to instrument 44 3 ■ 4 
Face reversed ... 44 8-2 

End B. 

o'/ 

Face to instrument 44 45-4 
Face reversed ... 44 40-4 

Mean of the dip = 


o / 

Mean a = 44 5-8 


Mean j3 = 44 42 • 9 

a + P 


= 44 24-35 


Dip corrected for error of needle .... 44 23-47 

3. Vertical Intensity 7-489 

4. Total Intensity 10-703 


No. 25. MultIn, in the PInjab. 


Latitude North. 
30° 10' 10" 


Longitude East Green. Height. 

71° 34' 34" 480 feet. 


Under a grove of palm trees, on alluvial soil. See p. 171. 

Observer: Robert. 

DECLINATION. 


1857, January 8, 10 h 0 m a.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 


O / 

Magnetic meridian 119 49-5 

True meridian (see p. 174) 118 55- 3 

Declination East . . . .• 0 54-2 


No. 26. ShikArpur, in Sindh. 

Latitude North. Longitude East Green. Height. 

27° 55' 10" 68° 51' 50" 60 feet. 

Twenty one miles west of the Indus, on a dry and hard soil. See p. T74. 

Observer: Robert. 
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i. 


48 



378 


MAGNETIC OBSERVATIONS. 


INTENSITY. 


1 . Horizontal Intensity. 

1857, February 5, 4 h p.M. local time. 

Magnet vibrated: Barrow. Temp.: 19° -8 C., 67° -6 Fahr. 


Chron. 4, gaining 15 a -0. 


No. of vibrations . . 

beginning 


Semiarc 


ending 


140 

210 

180 


Time of 1 vibration 


X = 8-000 


2 s -888 

q = 0-00022 
(jl = 0-00017 
log K - 0-45945 
m = 0-4260 


2. Dn>. 

Deduced from our map of isoclinal lines .... 36° 2'. 


3. Yertical Intensity 5-820 

4. Total Intensity 9-893 


No. 27. Slav an, in Sindh. 

Latitude North. Longitude East Green. Height. 

26° 25' 0" 67° 56' 40" 140 feet. 

On alluvial soil. See p. 176. 

Observer: Robert. 


DECLINATION. 

1857, February 13, 12 h 10 m p.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. 


O / 

Magnetic meridian 239 30-9 

True meridian (see p. 176) 238 55-9 

Declination East .... 0 35-0 


No. 28. Karrachi, in Sindh. 

Latitude North. Longitude East Green. Height. 

24° 45' 30" 67° 0' 51" L. a. L. S. 

.On marine deposits, three miles from the harbour. See p. 177. 

Observer:: Robert. 



GROUP IV. PANJAB, SINDH, AND EACH. 379 

DECLINATION. 

1857, February 24, 3 h 20 m p.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Chron. 4. ' 


O / 

Magnetic meridian 301 38 >0 

True meridian (see p. 178) . .. . ' 301 32-0 


Declination East .... 0 6-0 

No. 29. Bhuj, in KIoh. 

Latitude North. Longitude East Green. Height. 

23° 17' 69° 40' 283 feet. 

On alluvial soil, very frequently disturbed by earthquakes. See p. 178. 

Observer: Robert. 

V 

DECLINATION. 

1857, March 16, 2 b 30 m p.m. local time. Prism. Comp. 7; Theodolite 1, Troughton; Chron. 4. 


O / 

Magnetic meridian 172 30-7 

True meridian (see p. 179) 172 18-7 


Declination East .... 0 12-0 

INTENSITY. 

1. Horizontal Intensity. 

1857, March 16, 4 h 20 m p.m. local time. 

Magnet vibrated: Barrow. Temp.: 33-2 C., 91-8 Fahr. 

Chron. 4, gaining 15 s -0. 

Time of 1 vibration 

S' 

log AT 

m 

X = 8-012 
2. Dip. 

Deduced from our map of isoclinal lines . . 

3. Vertical Intensity ....... 

* 4. Total Intensity 


48 * 


. 28° 25' -0. 
4-335 
9-109 


No. of vibrations . . . 100 

_ . I beginning 180 

bemiarc 

( ending 170 


. . 2 s -878 
= 0-00022 
= 0-00017 
= 0-45945 
= 0-4260 



380 MAGNETIC OBSERVATIONS. 

No. 30. Rajk6t, in KattivAr. 

Latitude North. Longitude East Green. Height. 

22° 13' 0" 71° T 0" 325 feet. 

Hard, clayey soil. See p. 179. 

Observer: Robert. 

DECLINATION. 

1857, March 22, l h 30“p.m. local time. Prism. Comp. 7; Theodolite 1, Jones; Cliron. 4. 


O / 

Magnetic meridian . . 16 27-0 

True meridian (see p. 180) 16 13-7 


Declination East .... 0 13-3 


GROUP V. 

CENTRAL AND SOUTHERN INDIA. 

S&ger. — Jablpur. — N&gri. — Rajam&ndri. — Madras. — Bombay. — Puna. — Mahabaleshvar. — Kaladghi. 

Bellari. — Utakam&nd. — Utatur. — Galle. 


No. 31. SAger, in Malva. 

Latitude North. Longitude East Green. Height. 

23° 50' 9" 78° 43' 26" ' 1,880 feet. 

Observer: Adolphe. See p. 181. 


Dip. 

1855, December 18, 4 h 5 m p.m. local time. 

Dip needle: No. 3. Temp.: 25° -6 C., 78° -1 Fahr. 


End A. 


O / 

Face to instrument 30 4=1-3 
Face reversed ... 30 42*5 


o / 

Mean a = 30 41-9 


End B. 


0 / 

Face to instrument 29 24-7 
Face reversed ... 29 16*7 
Mean of the 


Mean fl = 


dip 


« + P 
2 


Dip corrected for error of needle . . . . 


2920*7 

30 1-30 
29 58-84 



GROUP V. CENTRAL AND SOUTHERN INDIA. 
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No. 32. JIblpur, in MIlya. 


Latitude North. 
• 28° 9' 89" 


Longitude East Green. Height. 

79° 56' 18" , 1,480 feet. 


On a thick stratum of reddish clay. See p. 181 . 

Observer: Adolphe. 

DECLINATION. 

1855, December 23, 9 h a.m. local time: Collimator 2; Theodolite 2, Jones; Chron. 1. 

* O / 

Magnetic meridian 351 0-5 

True meridian (see p. 181) . . 349 50-0 

Declination East 1 10-5 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, December 23, 3 h 10 m p.m. local time. 
Magnet vibrated: B 7. Temp.: 26° • 7 C., 80° -0 Fahr. 
Chron. A , losing 4 s -0. 


Semiarc 


No. of vibrations 200 

beginning 209 • 5 

ending 93-5 

Torsion (90°) 4' 

K = 0-26891 


Time of 1 vibration 


S' 

I* 


Time of 1 vibration corr. 
log mX = 0-31665 


2 s -909 
0-00021 
0-00017 
2 B -919 


B. Deflection. 

1855, December 23, l h 10 m p.m. local time. 

Magnets : Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 26° -7 C., 80° -0 Fahr. 


1 foot. 

1-3 foot 

1 foot 

OO 

CO 

o 
1— 1 

o 

CO 

ll 

o 

1° 27' 53" 

Temp, of magnet 26-1 C. 

p. = 0-00017 

0-00017 

79-0 Fahr. 



q = 0-00021 


1- 3 foot 
27-8 C. 
82-0 Fahr. 
0-00021 


m 


■m = 0-2483 


log y = 8-45720 

X = Horizontal Intensity = 8-666 



MAGNETIC OBSERVATIONS. 


2. Dip. 

1855, December 23, 4 h 40“ p.m. local time. 

Dip needle: No. 3. Temp.: 22°-8 C., 73°-l Falir. 


End A. 

o / 

Face to instrument 29 17-2 
Face reversed ... 29 19-2 


Mean a = 29 18-2 


End B. 


Face to instrument 
Face reversed . . . 


27 46-0 


27 52-0 

Mean of the dip = 


Mean p = 27 49-0 

a + P 


2 


= 28 33-60 


Dip corrected for error of needle .... 28 31-14 


3. Vertical Intensity 4-711 

4. Total Intensity 9-863 


No. 33. NAgri, in OrIssa. 

Latitude North. Longitude East Green. Height. 

20° 25' 25" 78° 52' 50" 850 feet. 

Observer: Adolphe. See p. 181. 

INTENSITY. 

1. Horizontal Intensity. 

A.. Vibration. 

1856, January 11, 2 h 30“p.m. local time. 

Magnet vibrated: B 7. Temp.: 31° -1 C., 88° -0 Fahr. 

Chron. A, losing 4 8 -4. 

Time of 1 vibration 

U = 

p. = 

Time of 1 vibration corr. . . . 
log K — 0-26891 log ml = 0-32069 


No. of vibrations . 420 

beginning 300 

ending . . 166 


Semiarc 


m i o\ 


2 s • 954 
0-00021 
0-00017 
2 8 -960 
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B. Deflection. 

1856, January 11, ll h 45 m a.m. local time. 

Magnets: Deflecting JB 7, deflected S 2. 

Deflection bar: A. Distances: 1 foot, 1 • 3 foot. Temp.: 29° • 4 C., 85 • 0 Fahr. 


f* 


1 foot. 

1-3 foot. 

1 foot. 

O ■ 

3° 8' 19" 

1° 26' 30" 

Temp, of magnet 29-4 0. 

0-00017 

0-00017 

85-0 Fahr. 



q = 0-00021 


m = 0-2424 


m 


log - 8-44832 

X = Horizontal Intensity = 8-633 


1-3 foot. 
30-0 C. 
86-0 Fahr. 
0-00021 


2. Dip. 

1856, January 11, i h 25 m p.m. local time. 

Dip needle: No. 3. Temp.: 27° -7 C., 81° -8 hahr. 

End A. 


O / 

Face to instrument 23 31-0 
Face reversed ... 23 26-0 

End B. 

0 / 

Face to instrument 22 24-0 
Face reversed ... 22 8-8 


Mean a = 23 28-5 


Mean {3 = 22 16-4 


Mean of the dip = - - = 22 52-45 

Dip corrected for error of needle .... 22 49-99 

3. Vertical Intensity 3-634 

4. Total Intensity 9-367 


No. 34. BajamIndri, in Orissa. 

Height. 

L. a. L. S. (35 feet.) 


Longitude East Green. 
81° 46' 35" 


Latitude North. 

17° 10' 30" 

3a alluvial soil; 100 yards north of the cantonment. See p. 181. 

Observer: Adolphe. 



384 MAGNETIC OBSERVATIONS. 

DECLINATION. 

1856, February 6, 5 h 30 m p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 2. 


O / 

Magnetic meridian 229 34 • 5 

True meridian (see p. 182) . . 227 59-7 

Declination East .... 1 24*8 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, February 5, 2 h 30 m p.m. local time. 

Magnet vibrated: Bl. Temp.: 30°-3 C., 86° -5 Fahr. 


Chron. A, losing 4 s -4. 

No. of vibrations ....... 420 Time of 1 vibration ..... 2 s -968 

_ ( beginning 300 a — 0-00021 

Semiarc 1 

( ending 285 p. = 0-00017 

Torsion (90°) . 10' Time of 1 vibration corr. . . 2 s -978 


log K = 0-26891 log mX = 0-29984 

B. Deflection. 

1856, February 5, 45 m a.m. local time. 

Magnets : Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 28° -9 C., 84° -0 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

1-3 foot. 

u 0 = 3° 2' 57" 

1° 23' 10" 

0 

Temp, of magnet 28-8 C. 

28-8 C. 

p. = 0-00017 

0-00017 

84-0 Fahr. 

84 • 0 Fahr. 



2 = 0-00021 

0-00021 


Ml 

log -g = 8-42468 

m = 0-2346 X = Horizontal Intensity = 8-824 
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2. Dip. 

1856, February 6, Series I., 8 h 30“ a.h., Series II., 9 h A.m. local time. 


„ ( Series I, No. 3. _ 

Dip needles } __ , Temp. 

( „ II., No. 4. 


No. 3. 

O / 

Face to instrument 17 11-6 
Face reversed ... 17 10-0 


End A. 
No. 4. 

O / 

16 5-0 
16 36-4 

End B. 

16° 36-0 


O / ' 

Face to instrument 15 40-3 
Face reversed ... 15 44-3 16 18-0 

Mean of the dip 


Series L, 29-4 C., 85-0 Fahr. 
„ H., 29-7 C., 85-5 Fahr. 

No. 3. No. 4. 


Mean a = 17 10-8 16° 2o’-7 


Mean p = 15 42-3 ^ 16 27-0 
= < ?-±J = 16 26-55 16 23-85 


Dip corrected for error of needle .... 16 24-09 16 22-97 

Dip, general mean 16° 23'- 53 


3. Vertical Intensity 2-595 

4. Total Intensity . 9-197 


No. 35. Madras. 

Latitude North. Longitude East Green. Height. 

13° 4' 11" 80° 13' 56" L. a. L. S. 

Close to the sea beach. See p. 183. 

Through the kindness of Major Jacob and Major Worcester, then in charge of 
the Magnetic Observatory, a detailed series of corresponding observations was commu- 
nicated to us during our stay in India. 

The following are the monthly values of the Declination from November, 1854, 
to October, 1856. 

1854. November 1°0'46"; December 1° O' 38". 

( January 1° 0' 18"; Februaiy 0° 59' 21"; March 0° 59' 33"; April 1° 0' 14"; May 0° 59' 49"; 

1855. j June 0° 58' 41"; July 0° 58' 33"; August 0° 59' 21"; September 1° 0' 22" ; October 1° 1' 10"; 

( November 1° 0' 34" ; December 1° 0' 38". 

( January 1° 0' 50"; February 1° 0' 18"; March 1° 0' 46"; April 1° 2' 2"; May 1° 2' 2"; 

1856 ‘ j June 1° 1' 6"; July 1° 1' 46"; August 1° 2' 15"; September 1° 1' 22"; October 1° 1' 42". 



88g' MAGNETIC OBSERVATIONS. 

The means for the time corresponding to our travels in Southern India, viz. 
February and March, 1855, were found by direct comparisons of our magnets with 
those of the Government Observatory. The mean results which we obtained, together 
with Major Worcester, are the following: 


Declination East . . . 0° 59' 30" 1 

Horizontal Intensity*. 8-023 

Dip 7° 52' *34 

'Vertical Intensity ............. 1*1 14 

Total Intensity 8-100 

For July and August, 1849, Captain Elliot gives: 2 

Declination . 0° 56' 8" 

Horizontal Intensity 8-078 

Dip 7° 34' -2 

Total Intensity 8-149 


No. 36. Bombay. 

Latitude North. Longitude East Green. Height. 

18° 53' 30" 72° 49' 5" L. a. L. S. 

The details of the observations made at the Magnetic Observatory, are contained 
pp. 302 to 340. 

Immediately upon our arrival in India, we availed ourselves of the advantages 
here offered, to compare our instruments with each other and with those of the Ob- 
sei’vatory. 

We add here a table of the daily variation of the declination for the four 
seasons V from March, 1856, to March, 1857, to which we shall have occasion to refer 
for comparison with variations observed by ourselves. The table is calculated from 
the monthly values contained in the volumes of the Magnetic Observatory at Bombay, 
1856, p. 10, and 1857, p. 12. 

1 On the excellent chart of the magnetic variation, by Frederick F. Evans, the declination at Madras is deci- 
dedly less; hut no values, obtained by direct observations, lower than those given above, are known to us. 

a Philosophical Transactions, 1851, p. cnv. The dip is reduced to January 1, 1848. 

8 Compare plate 2, figure 1. 
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GROUP V. CENTRAL AND SOUTHERN INDIA. 


DAILY VARIATION OF THE DECLINATION FOR THE FOUR SEASONS AT BOMBAY. 
» In Minutes of Arc. 4 h 12 p.m. Bombay Civil Time = Noon Gottingen Time. 


Bombay 

Civil 

Time. 

Spring, 

1856, 

March, April, < 
and May. 

Summer, 

1856, 

June, July, 
and August. 

Autumn, 

1856, 

Sept., Oct., 
and Nov. 

Winter, 

1856-7, 

Dec., Jan., 
and Feb. 

Midnight + 12“ 

0-191 

0-247 

0-333 

— 0-008 

li m 

1 12 A.M. 

0-264 

0-428 

0-368 

— 0-115 

2 12 „ 

0-301 

0-528 

0-256 

— 0-200 

3 12 „ 

0-235 

0-591 

0-145 

— 0-314 

4 12 „ 

0-187 

0-625 

0-078 

— 0-412 

5 12 „ 

0-198 

0-880 

0-009 

— 0-688 

6 12 „ 

0-853 

1-773 

0-213 

- 1-078 

7 12 „ 

1-227 

2-209 

0.-668 

— 1-488 

CM 

H 

00 

1-540 

1-822 

0-766 

— 0-884 

9 12 „ 

1-244 

0-750 

0-240 

0-008 

10 12 „ 

0-287 

— 0-512 

— 0-555 

0-541 

11 12 „ 

— 0-809 

- 1-523 

— 1-217 

0-359 

Noon+12 m 

— 1-554 

— 2-074 

— 1-358 

0-833 

1 12 P.M. 

— 1-387 

— 1-914 

- 0-921 

0-845 . 

2 12 „ 

— 0-936 

— 1-343 

- 0-338 

0-559 

8 12 „ 

— 0-360 

— 0-725 

0-161 

0-226 

4 12 „ 

— 0-028 

- 0-182 

0-466 . 

0-114 

5 12 „ 

— 0-075 

— 0-046 

0-121 

0-199 

6 12 „ 

— 0-247 

— 0-231 

— 0-028 

0-284 

7.12 „ 

— 0-376 

— 0-490 

0-036 

0-336 

8 12 „ 

— 0-368 

— 0-464 

0-133 

0-305 

9 12 „ 

— 0-224 

— 0-309 

0-142 

0-288 

10 12 „ 

— 0-083 

— 0-150 

0-237 

0-196 

. 11 12 „ 

0-060 

' 

0-065 

0-276 

0-115 


We adopt for our maps the following values for the magnetic elements for Bombay. 
They are reduced to January 1, 1856, by taking the mean of the annual values of 

1855 and 1856. 

Declination East 0° 19' -13 Vertical Intensity ..... 2-775 

Horizontal Intensity 8-008 Total Intensity 8-475 

Dip 19° «'•« 


49 * 
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MAGNETIC OBSEEVATIONS. 

No. 37. PtiNA, IN THE DUKHAN. 

Latitude North. Longitude East Green. Height. 

18° 30' 23" 73° 52' 8" 1,819 feet. 

Near the dak bangalo, in an open cultivated plain. See p. 183. 

Observer: Hermann. 

Dip. 

1855, January 5, 12* 40“ p.m. local time. 

Dip Needle: No. 2. Temp.: 19°-4C., 66° -9 Fahr. 

End A. 


0 / 

Mean a = 18 58-4 


Face to instrument 

18 

55-0 

Face reversed ... 

19 

1-8 

. End 


O 

/ 

Face to instrument 

19 

14-8 

Face reversed . . . 

18 56-0 


Mean p = 19 5 -4 


Mean of the dip - ft = 19 1-90 

Dip corrected for error of needle .... 19 2-25 


No. 38. Mahabaleshvae, in the Dekhan. 

Latitude North. Longitude East Green. Height. 
17° 55' 25" 73° 38' 42" 4,396 feet. 

Near the bangalo “Cliffton.” See p. 184. 

Observer: Adolphe. 

Dip. 

1854, December 14, 2* 15“ p.m. local time. 

Dip needle: No. 4. Temp.: 18°-6C., 65°-5Fahr. 
End A. 


Face to instrument. 

16 30-0 

Face reversed . . 

16 42-0 

Face to instrument. 

16° 17-0 

Face reversed .... 

16 16-5 


Mean a = 16 36-0 


End B. 


Mean p = 16 16- 75 


Mean of the dip = ^ = 16 26-38 

•a ’ 

Dip corrected for error of needle .... 16 25- 50 
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No. 39. KXlAdghi, in the Dekhan. 

Latitude North. Longitude East Green. Height. 

16° 12' 55" 75^231^ ' 1,720 feet. 

Near the limit of the trap, but already on sandstone. See p. 184. 

Observer: Adolphe. 

DECLINATION. 


1855, January 19, 3 h 50” p.m. local time. Barrow’s Universal Magnetometer; Chron. 3. 


O / 

Magnetic meridian 220 40-7 

True meridian (see p. 184) 220 10-7 

Declination East 1 .... 0 30-0 

Dir. 

1855, January 19, 4 h 5 m p.m. local time. 

Dip needle: No. 2. Temp.: 2&°-6 C., 72°-7 Fahr. 

End A. 


O / 

Face to instrument 14 24-8 
Face reversed ... 14 22-5 


o / 

Mean a = 14 23-4 


End B. 


O / 

Face to instrument 14 23-5 
Face reversed ... 14 37-3 


O / 

Mean p = 14 30-4 


Mean of the dip = — = 14 26-90 

Dip corrected for error of needle .... 14 27-25 


No. 40. BellIri, in Maiss^r. 

Latitude North. Longitude East Green. Height. 

15 ° 8' 57" 76° 53' 45" 1,580 feet. 

On decomposed granite. See p. 184. 

Observer: Hermann. 


DECLINATION. 

1855, January 29, 2 h p.m. local time. Barrow’s Universal Magnetometer; Chron. 3. 

O 1 

Magnetic meridian * 26 40-0 

True meridian (see p. 184) 26 19-0 

Declination East .... 0 21-0 


1 Before working out in detail our observations, we were under the impression that the declination was a little 
westerly between Bombay and Sattara; but, when we had reached no farther’ than Kalidghi, we found it, on the con- 
trary, to be easterly. The previous error was the consequence of our having at first supposed the error in Barrow’s 
instrument to be greater than it really was. 
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MAGNETIC OBSERVATIONS. 


INTENSITY. 


Magnets vibrated 


1. Horizontal Intensity. 

A. Vibration. 

1855, January 29, 8 h a.m. local time. 

L l wUX small ring. T “ P ' ; 2 ' 
Chron. H, losing 0 s - 3. 


Temp.: 26° -7 C., 80° -0 Fahr. 


Without With Without With 

ring. small ring. ring. small ring. 


No. of vibrations . . . . ... 400 180 Time of 1 vibration . . . . 2“ -467 5" -262 

Semiarc i beghming ••••■ 178 ; 5 228 2 = 0-00020 0-00020 

(ending....... 41 ' 163-5 jx = 0-00017 0-00017 

Torsion (90°) 4' 4' Time of 1 vibration corr. 2 a -470 5 9 -268 


log K, = 0-33293 log K = 0-43821 

log mX — 0-64719 


B. Deflection. 

1855, January 30, 8 h 30 m a.m. local time. 

Magnets: Deflecting LI, deflected A 5. 

Deflection bar: HI. Distances: 1 foot, 1-3 foot. Temp.: 30° -0 C., 86° -0 Fahr. 
1 foot. 1-3 foot. 1 foot. 

u 0 = 6° .54' 55" 3° 7' 23" Temp, of magnet 30-0 C. 

p. = 0-00017 0-00017 86-0 Fahr. 

q — 0-00020 

log y = 8-77407 

m = 0-5136 X = Horizontal Intensity = 8-641 

2. Dip. 


1-3 foot. 
30-0 C. 
86-0 Fahr. 
0-00020 


1855, January 30, 6 h 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 29° -0 C., 84° -2 Fahr. 
End A. 


O / 

Face to instrument 12 18-8 
Face reversed . . . 12 5-5 


0 / 

Mean a = 12 12 -15 


End B. 


O / 

Face to instrument 11 35-5 
Face reversed .*. . 11 57*5 

Mean of the dip 


Mean (5 == 11 46-5 
= YL±1 _ n 59.33 • 


Dip corrected for error of needle . ... 11.59*68 
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3. Vertical Intensity 1-838 

4. Total Intensity . . . . 8-834 


No. 41. ITtakamInd, in the NfLGrais. 

Latitude North. Longitude East Green.- Height. 

11° 23' 40" 76° 43' 10" 7,278 feet. 

On a level slope of decomposed granite. See p. 185. 

Observer: Adolphe. 

DECLINATION. 

1856, March 14, 9 ll 45 m i\M. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 


O / 

Magnetic meridian 113 54-0 

True meridian (see p. 185) 112 57-0 

Declination East .... 0 57 • 0 1 


INTENSITY. 

1. Horizontal Intensity. 

* 

A. Vibration. 

1856, March 13, 3 h 45 m p.m. local time. 

Magnet vibrated: B 7. Temp.: 21°-4C., 70° -5 Fahr. 



Chron. A, losing 4 8 -4. 



Without 


Without 


ring. 


ring. 

No. of vibrations . . . . 

.... 240 

Time of 1 vibration 

2 s -963 

. ( beginning . . 

Semi arc ] 

.... 143 


q = 0-00021 

( ending . . . 

.... 91 


|L = 0-00017 

Torsion (90°) 

.... 9' 

Time of 1 vibration 

corr. . . 2“ -978 

log K 

= 0-26891 

log mX = 0-31537 



1 Major Jacob had found in 1851 the Declination = 0° 54/ (5" East (a result -which he kindly communicated to 
our late brother). - * 
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B. Deflection. 

1856, March 13, 2 h 5 m p.M. local. time. 

Magnets: Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 24° *2 C., .75° -5 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

Mo = 3° 1' 6" 

1° 22' 45" 

Temp, of magnet 24-2 C. 

p = 0-00017 

0-00017 

75-5 Fahr. 



q = 0-00020 


1-3 foot. 
24-2 C. 
75-5 Fahr. 
0-00020 


log y = 8-42297 
X = Horizontal Intensity =■■ 8-835 


m = 0-2340 


2. Dip. 

1856, March 14, Series I, 2 h 25 m p.m. ; Series H., 3 h 50 p.m. local time. 


Dip needles 


Series I., No. 3. 
„ H., No. 4. 

No. 3. 


Temp. 

End A. 
No. 4. 

O / 

4 12-1 


Series I., 26-7 C., 80-0 Fahr. 
„ H., 26-1 G, 79- 0 Fahr. 


Face to instrument 5 21-9 

Face reversed ... 5 12-3 4 16-3 

End B. 

O / O / 

Face to instrument 3 44-2 4 30-8 

Face reversed ... 3 50-2 4 44-0 

Mean of the dip = 


No. 3. No. 4. 
Mean a =- 5 17-1 4 14-2 


Mean 0 = 3 47-2 4 37-4 

a + p 


= 4 32-15 4 25-80 
Dip corrected for error of needle ...... 4 29-69 4 24-92 

Dip, general mean 4° 27' -32 

3. Vertical Intensity 0-686 

4. Total Intensity 8-862 


No. 42. UtatiJr, in the KarnItik. 


Latitude North. 
11° 4' 40" 


Longitude East Green. Height. 

78° 51' 40" 280 feet. 


In an open, cultivated, place. See p. 185, 

Observer: Adolphe. 
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Dip. 

A. 1856, March 5, 2 h 30 m p.m. local time. 

Dip needle: No. 3. Temp.: 22° • 5 C., 72° • 5 Fakr. 


End A. 


Face to instrument 3 40*0 
Face reversed ... 3 25-3 


O / 

Mean a = 3 32 • 65 


End B. 

O / 

Face to instrument 2 12-9 
Face reversed . . 2.2-3 

Mean of the dip = 


Mean (5 = 2 7-6 


« + ft _ 


Dip corrected for error of needle . 


2 50-13 
2 52-79 


B. 1856, March 5, 4 h 0” p.m. local time. 

Dip needle: No. 4. Temp.: 24° -1 0., 75° -4 Fahr. 

End A. 


O / 

Face to instrument 2 42-0 
Face reversed ... 2 41-0 

End B. 

O / 

Face to instrument 2 46-0 
Face reversed ... 3 4-0 

Mean of the dip = 


O / 

Mean a = 2 41 • 5 


Mean (3 = 2 55-0 
- = 2 48-25 


Dip corrected for error of needle .... 2 47- 37 
General mean of A and B 2 50-08 


No. 43. G-Xlle, in Ceyl6n. 


Latitude North. 
6° 2' 30" 


Longitude East Green. 
80° 10' 45" 


Height. 

L. a. L. S. 


On sea sand. See p. 186. 

Observer: Hermann. 


I. 


50 
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MAGNETIC OBSERVATIONS. 


DECLINATION. 

1857, May 2, l h 20“ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O / 

Magnetic meridian . 34 6-5 

True meridian (see p. 186) 33 25-5 

Declination East .... 0 41-0 


INTENSITY. 

1 . Horizontal Intensity. 

A. Vibration. 

1857, May 2, 6 h 35 m a.m. local time. 


Magnet vibrated . Temp.: 26° -4 C., 79° -5 Fahr. 

I LI with ring. 

Chron. H, losing 0 s - 5. 



Without 

. With 

Without 

With 


ring. 

ring. 

ring. 

ring. 

No. of vibrations 

. . 250 

136 

Time of 1 vibration . . . . 2 s -815 

7 s -560 

. ( beginning . . . , 

Semiarc \ 

. . 129 

152-5 

o 

cq 

o 

o 

o 

6 

ii 

0-00020 

1 ending 

, . 21 

123-5 

jx = 0*00017 

0-00017 

Torsion (90°) 

9' 

9' 

Time of 1 vibration corr. . . 2 s -821 

7 s -577 


. log A, = 0-44230 log A = 0-43821 

log mX == 0-53169 


B. Deflection. 

1857, May 3, 12 h 30 m p.m. local time. 
Magnets: Deflecting L 1, deflected A 21. 


Deflection bar: H 3. Distances: 1 foot, 1-3 foot. Temp. 


29- 2 C., 84-6 Fahr. 

30- 1 C., 86-2 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

t* 0 = 6° 2' 18" 

2° 45' 19" 

O 

Temp, of magnet 30-0 C. 

p. = 0-00017 

0-00017 

86-0 Fahr. 



q = 0-00020 


1-3 foot. 
30-0 C. 
86-0 Fahr. 
0-00020 


iog 5 = 8-72518 

m = 0*4250 X = Horizontal Intensity = 8*003 
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GROUP V. CENTRAL AND SOUTHERN INDIA. 


2. Dip. 

1857, May 2, 3 h 5 m p.m. local time. 

Dip needle: No. 2. Temp.: 31° -0 0., 87° -8 Fahr. 
This station is south of the magnetic equator. 


End A. 

O / 

Face to instrument 7 37-0 
Face reversed ... 7 31*0 


0 / 

Mean a = 7 34-0 


End B. 


Face to instrument 
Face reversed . . . 


o / 

7 39-0 


. 7 58-0 

Mean of the dip 


Mean (3 

« + ft 
2 


Dip corrected for error of needle 


= 7'48-B 

= 7 41-25 
. 7 40-90 


3. Vertical Intensity 1-077 

4. Total Intensity 8-076 


50 * 



B. HIGH ASIA, 
a. HIMALAYA. 

GROUP VI. 

BHUTAN TO NEPAL. 

Narigun. — Darjiling. — Rangit bridge. — Tonglo. — Falut. — Kathmandu. 


No. 44. Naeigt^n, in BhutIn. 

Latitude North. Longitude East Green. Height. 

26° 53' 50" 92° 6' 0" 3,615 feet. 

On large gravel of fine granite, circumstances preventing us from selecting a spot 
of ungranitic soil, or clay. See p. 187. 

Observer: Hermann. 

' DECLINATION. 

1856, January 12, 10 h 15 m p.m. local time. Collimator 1; Theodolite 2; Chron. 3. 


O / 

Magnetic meridian . . . 142 53*0 

True meridian (see p. 187) . 138 10*0 


Declination East . . . . 4 43-0 1 

1 Compare the genersd resuits (Section VI.) in reference to the cause of this great declination; it is probable that 
the cause is the same for the smaller declination in Ass&m. 
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INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, January 10, 4 11 45“ p.m. local time. 


Magnet vibrated 


Temp. 


LI 

L 1 with ring. 

Cbron. if, losing 0 B -5. 


11-0 C., 51-8 Falir. 
9-6 0., 49-2 Fabr. 


Without 

ring. 

No. of vibrations ........ 220 

beginning. 185 

x ending ....... 2 

Torsion (90°) 0' 


Seniiare 


With 

Without 

ring. 

ring. 

100 

Time of 1 vibration , . . . . 2 s *817 

233 

2 — 0-00020 

213 

(x = 0-00017 

O' 

Time of 1 vibration corr. . . 2 s -829 


log JT, = 0*44465 log K = 0*43821 

log mX = 0*52911 


With 

ring. 

7 s *530 
0*00020 
0*00017 
7 s *565 


B. Deflection. 

1856, January 10, 5 h p.m. local time. 

Magnets: Deflecting LI, deflected H 21. 

Deflection bar: if 2. Distances: 1 foot, 1-33 foot. Temp.: ll°-0 0., 51° -8 Fahr. 

1-33 foot. 
10-7 0. 
51-3 Fahr. 


1 foot. 

1-33 foot. 

1 foot. 

Mo = 6° 4' 48" 

3° 13' 25" 

Temp, of magnet 10-7 0. 

= 0-00017 

0-00017 

51-3 Fahr. 



q — 0-00020 


log X “ 8 • 80654 

X = Horizontal Intensity = 7 • 266 


m 


0-4654 


2. Dip. 

1856, January 9, 4 h 25“ p.m. local time. 

Dip needle: No. 2. Temp.: 12°-3 0., 54°-2 Fahr. 


End A. 

O / 

Face to instrument 37 0-25 

Face reversed ... 37 1-5 


Mean a = 37 0-88. 
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End B. 


Face to instrument 37 16-0 
Face reversed ... 37 13-25 
Mean of the dip 


Mean? = 37 14-63 

a+jl 


= 37 7-76 

Dip corrected for error of needle .... 37 8-11 

3. Vertical Intensity . . 5-502 

4. Total Intensity 9-114 


No. 45. DarjIling, in SIkkim. 

Latitude North. Longitude East Green. Height. 

27° 3' 0" 88° 15' 15" 7,168 feet. 

On thick vegetable earth, resting on a snbsoil of gneiss. See p. 188. 

Observer: Hermann. 

DECLINATION. 

1855, July 23, 10 h 0 m p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


0 / 

Magnetic meridian 314 26-10 

True meridian (see p. 189) 311 38 • 10 


Declination East .... 2 48-0 


FIRST .SERIES. 
INTENSITY. 

1. Horizontal Intensity. 
A. Vibration. 


1855, April 20, ll h 45 m A.M. local time. 


Magnet vibrated 


LI ( 12-2 C., 53-9 Fahr. 

L 1 with ring. em ^’ ( 11-1 C., 52-0 Fahr. 

Chron. S, losing 0 s -7. 



Without 

With 

Without 

With 


ring. 

ring. 

■ ring. 

ring. 

No. of vibrations 

. . . 800 

• 300 

Time of 1 vibration ..... 2 fi -713 

7 s -492 

. ( beginning . . . 

Semiarc ] 

{ ending . . . . 

... 72 

73 

q = 0-00020 

0-00020 

... 3-5 

24 

(jl = 0-00017 

0-00017 

Torsion (90°) .... . . . 

... 3' 

3' 

Time- of 1 vibration corr. . . 2 s -726 

7 s -527 


log E t = 0-41201 log K = 0-43821 

log mX = 0-56155 
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B. Deflection. 

1855, April 20, IDO” a.m. local time. 
Magnets: Deflecting LI, deflected If 21. 


Deflection bar: H2. Distances: 1 foot, 1-33 foot. Temp. 


10-1 C., 50-2 Fahr. 
10-3 C., 50-5 Fabr. 


1 foot. 

1-33 foot. 

1 foot. 

u 0 = 6° 39' 50" 

3° 16' 43" 

Temp, of magnet 10-3 C. 

p. = 0-00017 

0-00017 

50-5 Fahr. 



q = 0-00020 


1-33 foot. 
10° 5 0. 

50 -9 Fahr. 
0-00020 


log ^ = 8-91611 


m = 0-5481 


X — Horizontal Intensity = 6-648 


2. Dip. 

1855, April 19, 9 U 35 m a.m. local time. 

Dip needle: No. 1. Temp.: 10° -1 G., 50° -2 Fain*. 


End A. 

o / 

Face to instrument * 36 45-75 
Face reversed ... 36 36-0 


Mean -a = 36 40-88 


End B. 

O / 

Face to instrument 36 17-5 
Face reversed ... 36 15-75 
Mean of the dip 


Mean {3 = 36 16-62 


ft + ft 

2 


= 36 28-75 


Dip corrected for error of needle . . . . 36 31-74 


3. Vertical Intensity 4-924 

4. Total Intensity 8-274 
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MAGNETIC OBSERVATIONS. 


SECOND SERIES. 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, August 1, 9 h 20“ a.m. local time. 


Magnet vibrated 


LI 

L 1 with ring. 


Temp. 


Chron. H, losing 0 s -7. 


j 18-3 C., 65-0 Fahr. 
j 19-4 C., 67 -0 Fahr. 


Without With ’ Without With 

ring. ring. ring. ring. 

No. of vibrations 400 300 Time of 1 vibration . . . 2 8 -819 7 8 -49 6 

„ . ( beginning 170 100 a = 0-00020 0-00020 

Semiarc 1 

( ending 25 61-5 p, = 0-00017 0-00017 

Torsion (90°) 16' 16' Time of 1 vibration corr. 2 s -831 7 8 -527 


log K, = 0-45022 log K = 0-43821 

logmX = 0-52843 


B. Deflection. 

1855, July 31, 8 h 15“ a.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflection bar: H 2. Distance: 1-33 foot. Temp.: '16° -7 C., 62° -0 Fahr. 

1 foot. 1 foot. 

u 0 = 3° 13' 20" Temp, of magnet . . . 17°-2 0., 63°-0 Fahr. 

p. = 0-00017 q = 0-00020 

log -J-= 8-90960 

m = 0-5236 X = Horizontal Intensity =• 6-448 

2. Dip. 

1855, July 30, 4 h p.m. local time. 

Dip needle: No. 1. Temp.: 21° -3 C., 70° -4 Fahr. 

End A. 

O / 

Face to instrument 36 45 25 
Face reversed ... 36 39 5 


Mean a = 36 42- 38 
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Dud B. 


0 / 

Face te instrument 36 23-81 
Face reversed ... 36 16-25 


o / 

Mean {3 = 36 20-03 


Mean of the dip = — = 36 31-21 

Dip corrected for error of needle .... 36 34-20 


3. Vertical Intensity 4-783 

4. Total Intensity 8-029 


VARIATIONS AT DARJILING.' 


The apparatus of deflection was observed July 31 and August 1, from 4 h a.m. 
to 10 h p.m. every two hours. The units of the readings are tenths of minutes, and 
the zero of the scale arbitrary. The value of 1 minute of deflection, reduced to 
absolute values in English units, gave, for magnet i 1 at the distance employed, 
1 unit of the scale (or y i0 of a minute in deflection) = 0-000164 English units. The 
increasing scale numbers denote a decrease of the resulting intensity. 

The scale readings are contained in the following table, where the hours inter- 
polated for completing the daily variation are enclosed in parentheses. For those 
interpolations 4 h p.m. was considered the minimum (as in Bombay), since the direct 
observation showed that it very nearly coincided with this period. The hour of the 
maximum also appeared to differ very little from that of Bombay. 


Horizontal Intensity, Scale Readings. 
1855. Mean of July 31 and August 1. 


A. M. 

Hours. 

12 

(264) 

P.M. 

Hours. 

12 

303 

2 

(264) 

2 

293 

4 

263 

4 

275 

6 

264 

6 

271 

8 

273 

8 

268 

10 . 

283 

10 

267 


If we reduce the differences of scale readings from the mean (274) to differences 
in Engli sh units, by multiplying them with 0-000164, we obtain the following daily 
variation: 


i. 


51 
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MAGNETIC OBSERVATIONS. 


Darjiling: Variation of Horizontal Intensity, in English Units. 


1855. Mean of July 31 and August 1. 


A.M. 

Hours. 

12 — 0-0016 

2 — 0-0016 

4 — 0-0018 

6 — 0-0016 

8 - 0-0002 

10 + 0-0014 


P.M. 

Hours. 

12 + 0-0047 

2 + 0-0031 

4 + 0-0002 

6 — 0-0005 

8 — 0-0010 

10 — 0-0012 


We add for comparison the observations of Bombay. 


Bombay: Variation of Horizontal Intensity, English Units. 


Hours. 


1855, July 31. 

Horizontal Force. 

Variation 
= Diff. from the 

Midnight + 12 m 

Absolute values. 

8-0266 

Mean of the Day. 

— 0031 

1 

u 

8-0280 

— 0017 

2 

n 

8-0279 

— 0018 

3 

. n 

8-0284 

— 0013 

4 

» 

8-0283 

— 0014 

5 

h 

8-0296 

— 0001 

6 

» 

8-0290 

— 0007 

7 

15 

8-0334 

+ 0037 

8 

1) 

8-0322 

+ 0025 

9 

51 

8-0374 

+ 0077 

10 

11 

8-0372 

+ 0075 

11 

11 

8-0362 

+ 0065 

Noon 

11 

8-0340 

+ 0043 

1 

11 

8-0341 

+ 0044 

2 

11 

8-0327 

+ 0030 

3 

15 

8-0306 

+ 0009 

4 

. >1 

8-0314 

+ 0017 

5 

11 

8-0286 

— 0011 

• 6 

15 

8-0260 

— 0037 

7 

51 

8-0256 

— 0041 

8 

11 

8-0241 

— 0056 . 

9 

11 

8-0244 

— 0053 

10 

11 

8-0229 

— 0068 

11 

.11 

8-0237 

— 0060 
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No. 46. Rangit Bridge, in S£eckim. 

Latitude North. Longitude East Green. Height. 

27° '4' 50" 88° 10' 15" 3,130 feet. 

Observer: Hermann. See p. 189. 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, June 15, 12 u 30 m p.m. local time. 

Magnet vibrated: L 1. Temp.: 30° -8 0., 87° -5 Fahr. 

Chron. H, losing 0“-5. 


No. of vibrations 580 Time of 1 vibration 2* -776 

_ . ( beginning 165 q = 0-00020 

bemiarc s _ , 

( endmg 175 p. — 0-00017 

Torsion (90°) . . : 6' Time of 1 vibration corr. . . 2 s -779 


log K = 0-43821 log mX = 0-54470 

B. Deflection. 

1855, June 15, 12 11 10™ p.m. local time. 

Magnets: Deflecting L 1, deflected iff 21. 

Deflection bar: H2. Distances: 1 foot. Temp.: 30°-6 C., 87°-l Fahr. 

1 foot. 1 foot. 

u n = 6° 23' 36" Temp, of magnet. . 30° -8 C., 87° -4 Fahr. 

p. = 0-00017 q = 0-00020 

log — = 8-90145 

m = 0-5285 X = Horizontal Intensity = 6-632 


No. 47. T6nglo, in SIkkim. 

Latitude North. Longitude East Green. Height. 

27° 1' 50" 88° 3' 55" 10,080 feet. 

On a fine level stratum resting on rocks of gneiss. (See p. 190.) 


Observer: Hermann. 


51 * 
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MAGNETIC OBSERVATIONS. 


DECLINATION. 

1855, May 12, 9 h 0“ a. m. local time. Collimator 1; Theodolite 3, Troughton; Cliron. 3. 

O / // 

Magnetic meridian 113 41 40 

True meridian (see p. 190) Ill 11 10 

Declination East .... 2 30 30 = 2° 30' • 5 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, May 12, 2 h 30“ p.m. local time. 


Magnet vibrated 


Temp. 


L l 

L 1 with ring. 

Chron. H, losing 0 8 -5. 


13-2 C., 55-8 Fahr. 
13-4 C., 56-1 Fahr. 


Semiarc \ 


( ending 


Without | 

With 

Without 

ring. ' 

ring. 

ring. 

. . 500 

300 

Time of 1 vibration . . 2 8 -867 

. . 148 

45 

q — 0-00020 

. . 45-5 

20 

(L = 0-00017 

2' 

2' 

Time of 1 vibration corr. 2 8 -879 

log K, = 0-46400 

log K = 0-43821 


With 

ring. 

7 8 -519 
0-00020 
0-00017 
7*- 550 


log mX = 0-51407 


B. Deflection. 

1855, May 12, 3 h 30“ p.m. local time. 
Magnets: Deflecting L 1, deflected IT 21. 

Deflection bar: H 2. Distances: 1 foot, 1-33 foot. Temp. 


1 foot. 

1-33 foot. 

1 foot. 

M 0 = 7° 8' 5" 

3° 12' 3" 

Temp, of magnet. . 13-2 C. 

p. = 0-00017 

0-00017 

55-7 Fahr. 



2=0-00020 


13-0 C., 55-4 Fahr. 

12-2 C., 54-0 Fahr. 

1-33 foot. 
13-4 C. 
56-1 Fahr. 
0-00020 


, m 


m = 0-4754 


8-83997 ■ 

•X = Horizontal Intensity = 6-872 
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2. Dip. 

1855, May 12, ll h 0 m a.m. local time. 

Dip needle: No. 1. Temp.: 10° -6 C., 51°-1 Fahr. 

End A. 


o y 

Face to instrument 36 9-0 


Face reversed 


36 47-56 
End B. 


O / 

Mean a = 36 28- 28 


Face to instrument 36 16-0 

t, 3 „ Q Mean p = 36 15-82 

Face reversed ... 36 15-63 

Mean of the dip = = 36 22-05 

Dip corrected for error of needle. . . 36 25-04 

3. Vertical Intensity 5-068 

4. Total Intensity . 8-539 


No. 48. FIlt^t, in SfuKiM. 

Latitude North. Longitude East Green. 

27° 6' 20" 87° 59' 0" 

On rocks of gneiss. See p. 190. 

Observer: Hermann. 

DECLINATION. 

1855, May 22, 10* 15“ p.m. local time. Collimator 1; Theodolite 3, Troughton; Chron. 3. 


O / 

Magnetic meridian 216 38-8 

True meridian (see p. 191) 214 14-0 


Declination East .... 2 24-8 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, June 10, 2 h 0 m p.m. local time. 

Magnet vibrated \^.\ . Temp.: 12°-0 C., 53° -6 Fahr. 

° ( L 1 with ring. 

Chron. H, losing 0 s -3. 


Height. 
12,042 feet. 
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MAGNETIC OBSEBVATIONS. 



Without 

With 

Without 


ring. 

ring. 

ring. 

No. of vibrations . . . 

. . 400 

150 

Time of 1 vibration. . . 2“ -790 

. ( beginning . 

Semiarc l 

( ending . . . 

. . . 181 

15-5 

q = 0-00020 

. . . 53 

2-5 1 

[I = 0-00017 

Torsion (90°) 

2' 

2' 

1 Time of 1 vibration corr. 2 B -802 


, With 
ring. 

7 B • 484 
0-00020 
0-00017 
7 B -517 


log K, = 0-44549 log K 

log mX = 0-53757 


0-43821 


B. Deflection. 

1855, June 10, 5 h 0 m p.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflection bar: H 2. Distances: 1 foot, 1-33 foot. Temp.: 8° -3 C., 47° -0 Falir. 


1 foot. 

1-33 foot. 

1 foot. 

w 0 = 7° 3' 35" 

3° 20' 8" 

O 

Temp, of magnet . . 9-0 C. 

p. = 0-00017 

0-00017 

48*2 Fahr. 



q =z 0*00020 


log 


m 

X. 


8-89202 


m = 0-5185 


X = Horizontal Intensity = 6-648 


2. Dip. 

1855, June 9, 4 h 55 m p.m., needle 1, 5 11 20 m p.m., needle 2, local time. 
■ Dip needles: Nos. 1 and 2. Temp.: 7° -9 C., 46° -2 Fahr. 

End A. 


Needle 1. 
Needle 2. 

Needle 1. 
Needle 2. 


O / 

Face to instrument 37 3*0 

Face reversed ... 36 55-0 

Face to instrument 36 54-0 
Face reversed ... 37 6-8 

End B. 

O l 

Face to instrument 36 45*25 
Face reversed ... 36 46.* 75 
Face to instrument 36 55 • 38 
Face reversed . . . 36 40*12 

Needle 1. Mean of the dip 


o / 

Mean a = 36 59-0 


Mean a = 37 0-4 

Mean ^ = 36 46-0 
Mean (3 = 36 47-75 


« + P 


= 36 52-50 


Needle 2. Mean of the dip — — 36 54-08 

a 

Dip corrected for error of needle 1 .... 36 55-49 

„ „ „ ,, 2 . . . . 36 54-43 

General Mean .... 36 54-96 


1-33 foot. 
8-4 C. 
47-1 Fahr. 
0-00020 
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3. Vertical Intensity 4-995 

4. Total Intensity 8-316 


No. 49. Kathmandu, in Nepal. 

Latitude North. Longitude East Green. 1 Height. 

27° 42' 5" 85° 12' 9" 4,350 feet. 

On lacustrine deposits of large extent. See p. 192. 

Observer: Hermann. 


DECLINATION. 

1857, March 4, 2 h 30™ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 


O ' 

Magnetic meridian 75 22-5 

True meridian (see p. 197) . 72 46-7 


Declination East . ... 2 35-8 


INTENSITY. 

1. Horizontal Intensity. 
A. Vibration. 


1857, February 27, 3 h 0 m p.m. local time. 


Magnet vibrated 


No. of vibrations . . 

„ . 1 beginning 

Semiarc l . 

( ending . . 

Torsion (90°) . . . . 


Temp. 


LI 

L 1 with ring. 

Chron. H, losing 0 B • 2. 


21-9 G, 71-4 Fahr. 
21-6 C., 70-8 Fahr. 


Without 

With 

Without 

ring. 

ring. 

ring. 

300 

100 

Time of 1 vibration . . 2 8 -879 

. 145 

154-5 

q = 0-00020 

. 27-5 

145-5 

^ = 0-00017 

0' 

0' 

Time of 1 vibration corr. 2“ -885 


log K, = 0-43854 log K = 0-43821 

log mX = 0-51219 


With 

ring.' 

7 s - 742 
0-00020 
0-00017 
7 s - 758 


1 With reference to the longitude adopted, see the remark at p. 197. 
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MAGNETIC OBSERVATIONS. 


B. Deflection. 

1857, February 27, 4 h 0“ p.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

Deflection bar: H 3. Distance: 1 foot. Temp.: 20° -2 C., 68° -4 Fahr. 

1 foot. 

Temp, of magnet . .. 19° -9 C., 67°-8 Fahr. 
q = 0-00020 

log-J- = 8,83168 

m = 0-4698 X = Horizontal Intensity = 6-922. 


1 foot. 

u 0 = 7° 42' 0" 
u, = 0-00017 

1 * t 


2 . Dip. 

1857, February 23, l h 15 m p.m. local time. 

Dip needle: No. 2. Temp.: 18°-4 C., 65°-l Fahr. 


End A. 

O / 

Face to instrument 37 39-44 
Face reversed ... 37 40-43 


Mean a = 37 39 • 93 


End B. 


Face to instrument 
Face reversed . . . 


37 23-38 
37 32 31 
Mean of the 


Mean {3 = 37 27-85 
= 37 33-89 


Dip corrected for error of needle .... 37 34-24 


3. Vertical Intensity . . . . 5.326 

4. Total Intensity . . ... . . . .... . . . 8-734 
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GROUP vn. 

KAMAON AND G-ABHVAL. 

Nainital. — Mflium. — M&na-. — Ussilla.— Massuri. 


No. 50. NainitAl, in KamAon. 

Latitude North. Longitude East Green. Height of the lake 

29° 23' 34" 79° 30' 55" 6,409 feet. 

On detritus along the southern end of the lake. See p. 197. 

Observer: Adolphe. 

DECLINATION. 

1855, April 28, 6 h 0 m p.m. local time. Collimator 2; Theodolite 2, Jones; Cliron. 1. 


O / 

Magnetic meridian 140 29-4 

True meridian (see p. 198) - 138 1 • 2 


Declination East .... 2 28-2 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, May 3, 9 h 40 m a.m. local time. 

Magnet vibrated: B 7. Temp.: 23° -0 C., 73° -4 Fahr. 



Chron. A, 

losing 4 s *4. 


No. of vibration . . . . 

604 

Time of 1 vibration . . . . 

. . . . 3 s -029 

. ( beginning . 

Semiarc < 

203 


q = 0-00021 

( ending . . . 

90 


pi = 0-00017 

Torsion (90°) 

12' 

log AT = 0-26891 

Time of 1 vibration corr. . 
log mX = 0-28667 

. . . . 3*-078 


i. 


52 
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MAGNETIC OBSERVATIONS. 


B. Deflection. 


1855, May 1, 4 h 0 m p.m. local time. 

Magnets: Deflecting JB7, deflected B 2. 

( 24-0 C., 75°. 2 Fahr. 


Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. 


1 fo.ot. 

1-3 foot. 

1 foot. 

w 0 = 3° 27' 11" 

1° 37' 24" 

o 

Temp, of magnet . . 23-9 C. 

= 0-00017 

0-00017 

75-0 Fahr. 



q = 0-00021 


22-1 C., 71-8 Fahr. 

1 foot. 1-3 foot. 

. 23-9 C. 21-9 C. 

75-0 Fahr. 71-4 Fahr 

/ = 0-00021 0-00021 


m = 0-2511 


log = 8-51293 

X — Horizontal Intensity = 7-707 


2. Dip. 

1855, May 2, 12 h Noon local time. 

Dip needle: No. 4. Temp.: 26°-2 C., 79°-2 Fahr. 


End A. 

O / 

Face to instrument 38 35-0 
Face reversed ... 38 29-2 

End B. 

O / 

Face to instrument 38 44-20 


Mean a = 38 32 * 1 


^ Mean p _ Vf 

Face reversed ... 38 29-95 

Mean of the dip = — - = 38 34-59 

JU 

Dip corrected for error of needle .... 38 33-71 

3. Vertical Intensity 6-144 

4. Total Intensity 9-856 


== 38 37-08 
= 38 34-59 


No. 51. MfiiUM, in JohIr. 


Latitude North. 
30° 34' 35" 


Longitude East Green. 
79° 54' 49" 


On detritus resting on rooks. See p. 198. 

Observer: Adolphe. 


Height. 
11,640 feet. 
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DECLINATION. 

1855, July 24, 3 h 10“ p.m. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 

« O / 

Magnetic meridian 349 53-2 

True meridian (see p. 200) 347 12 • 9 

Declination East .... 2 40-3 

INTENSITY. 

1. Horizontal Insensity. 

A. Vibration. 

1855, July 2, 9 h 20“ a.m. local time. 

Magnet vibrated: B 7. Temp.: 19° -0 C., 66° -2 Eahr. 

Chron. A, losing 4 a -6. 


No. of vibrations . . . 

260 

Time of 1 vibration .... 

3 s -058 

. ( beginning 

Sermarc ] 

263 


q -- 0-00021 

( ending . . 

171 


p. = 0-00017 

Torsion (90°) 

9' 

Time of 1 vibration corr. . 

. . . - 3 a -073 


log K = 0-26891 

log in X — 0-28798 



B. Deflection. 


1855, June 25, 9 h 0“ a.m. local time. 
Magnets : Deflecting B 7, deflected B 2. * 


Deflection bar: A. Distances: 1 foot, 1-3 foot. 



17- 6 C., 63-7 Eahr. 

18- 2 C., 64-8 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

1-3 foot. 

m 0 = 3° 27' 28" 

1° 34' 43" 

0 

Temp, of magnet . . 17 • 6 C. 

18-2 C. 

p. = 0-00017 

0-00017 

63-7 Fahr. 

64-8 Fahr. 



q — 0-00021 

0-00021 


m = 0-2434 


log J = 8-48484 

X = Horizontal Intensity = 7-972 


2. Dip. 


1855, June 26, 6 h 15“ p.m. local time. 

Dip needle: No. 3. Temp.: 16°-4 C., 61°-5 Fahr. 

End A. 


O I 

Face to instrument 42 0*65 
Face reversed ... 41 38-0 


o / 

Mean a = 41 49-33 


52 * 
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MAGNETIC OBSERVATIONS. 


End. B. 


Face to instrument 39 20-4 ... ■ ° , > 

_ , on , n , Mean 0 = 39 19-4 

Face reversed ... 39 18-4 ■ 

Mean of the dip = - j~ - = 40 34-37 
Dip corrected for error of needle .... 40 31-91 


40 31-91 


3. Vertical Intensity 6-815 

4. Total Intensity 10-489 


No. 52. MIna, in Gtarhval. 

Latitude North. Longitude East Green. Height. 

30° 47' 0" 79° 20' 50" 10,670 feet. 

On detritus of the “Vishnuganga” river. See p. 200. 

Observer: Adolphe. 

DECLINATION. 

1855, September 1, 2 h 45 m r.M. local time. Collimator 2; Theodolite 2, Jones; Chron. 1. 


O / 

Magnetic meridian 51 4.4 

True meridian (see p. 201) .... 48 19-5 


Declination East .... 2 44-9 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, September 1, 4 h 15 m r.M. local time. 

Magnet vibrated: Bl. Temp.: 17°-6 C., 63°-6 Fahr. 

... Chron. A , losing 5 8 -0. 


No. of vibrations . . . 

320 

.Time of 1 

vibration .... 

. . . . 3 s • 065 

. . ( beginning . 

Semiarc 1 

... 235 



q = 0-00021 

( ending . . . 

138 



p. = 0-00017 

Torsion (90°) . . . . 

. . V 

Time of 1 

vibration coix. . 

. . . - 3 9 -081 


log K — 0-26891 

log m X = 

: 0-28583 
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B. Deflection. 

1855, September 1, 8 h 30 m a.m. local time. 

Magnet: Deflecting B7, deflected JB 2. 

13-0 C., 55-4 Fahr. 
13-3 0., 56-0 Fahr. 


Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. 


1 foot. 

1-3 foot. 

1 foot. 

«„= 3° 22' 50" 

1° 34' 20" 

O 

Temp, of magnet . v 13-3 C. 

p. = 0-00017 

0-00017 

55 • 9 Fahr. 



q — 0-00021 


log J = 8-49117 

m = 0 • 2446 X = Horizontal Intensity = 7 • 894 

2. Dip. 

1855, September 1, 5 h 45 m p.m. local time. 

Dip needle: No. 3. Temp.: 16° -4 C., 61° -4 Fahr. 

End A. 


O / 

Face to instrument 42 27-8 


Face reversed 


42 8-0 
End B. 


o / 

Face to instrument 40 41-5 


Face reversed 


40 33-5 


O / 

Mean a = 42 17-9 


Mean p = 40 37-5 


Mean of the dip = "" " = 41 27-7 

z 


- « + p _ 

2 

Dip corrected for error of needle .... 41 25-24 

3. Vertical Intensity 6-965 

4. Total Intensity 10-528 


1-3 foot. 

14-0 0. 
57-2 Fahr. 
0-00021 


No. 54. UssIlla, in GarhvIl. 1 

Latitude North. Longitude East Green. Height. 

31° T 40" 78° 18' 10" 8,940 feet. 

200 yards south from the village; near a cultivated field. See p. 202. 

Observer : Adolphe. 

1 For facilitating reference from the magnetic observations to the astronomical determinations of latitudes and 
longitudes, we here omit those stations where astronomical observations alone have been made, in order that the 
numbers may be uniform with those in Part II. of this volume. Compare p. 127. 
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MAGNETIC OBSERVATIONS. 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1855, October 8, 10 h 30 m a.m. local time. 

Magnet vibrated: JB 7. Temp.: 13° • 2 C., 55° -8 Fahr. 
Cbron. A, losing 5 B ■ 2. 


No. of vibrations . . . 

220 

Time of 1 vibration 

S ‘T”’ 8 

120 

a = 

( ending 

72 

[k — 

Torsion (90°) 

O' 

Time of 1 vibration corr 

log K = 0-26891 

log mX = 0-28049 


B. Deflection. 

1855, October 8, 9 U 7 m a.m. local time. 

Magnets: 

Deflecting JB 7, deflected JB 2. 

Deflection bar: A. Distances: 1 foot, 1 

■3 foot. Temp, j 10 "' 5 50% M 

r | 11-0 0., 51-8 Fall 

1 foot. 1 

1 • 3 foot. 

1 foot. 

«o== 3° 27' 35" 1 

! 1°33' 3" 

Temp, of magnet . . 11-5 C. 

jj. = 0-00017 > 

0-00017 

52 -7 Fahr. 



2 = 0-00021 


3 s -084 
0-00021 
0-00017 
3' -100 


log y = 8-46170 

X = Horizontal Intensity = 8-116 


1 • 3 foot. 

12-0 C. 
53-6 Fahr 
0-00021 


m = 0-2350 


2. Dip. 

1855, October 8, ll h 30 m a.m. local time. 

Dip needle: No. 3. Temp.: 27° -2 C., 81°-0 Fahr. 

End A. 


Face to instrument 43 0-80 
Face reversed ... 43 8-38 

End JB. 
0 / 

Face to instrument 41 24-0 
Face reversed ... 41 29*6 


o / 

Mean a = 43 4-59 


Mean p = 41 26-8 


__ g + ft 

~ 2 

Dip corrected for error of needle .... 42 13- 24 


Mean of the dip = — h - = 42 15-70 
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3. Vertical Intensity 7-366 

4. Total Intensity 10-960 


No. 55. Mlssfati, in GarhvXl. 


Latitude North. Longitude East Green. Height. 

30° 28' 30" 77° 59' 58" 7,549 feet. 

On a small open place on the southern flanks of the hills. The co-ordinates are 
referred to Banog Hill. See p. 203. 

Observer : Adolphe. 


INTENSITY. 

1. Horizontal Intensity. 


A. Vibration. 


1855, November 7, 8 h 0 m a.m. local time. 

Magnet vibrated: B 7. Temp.: ll°-0 C., 51° -8 Fahr. 


No. of vibrations . . 

. ( beginning 

Semiarc J 

( ending . 

Torsion (90°) .... 

log K — 0-26891 


Time of 1 vibration . . . 3 s -073 
q ~ 0-00021 
(A = 0-00017 

Time of 1 vibration con-. . . 3“ -091 
log mX = 0-28306 


Chron. A, losing 5 s -2. 

280 
176-5 
106-5 
1 ' 


B. Deflection. 

1855, November 6, 4* 15 m p.m. local time. 

Magnets: Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 14° -0 C., 57° -2 Fahr. 


1 foot. 

1 • 3 foot. 

1 foot. 

1 • 3 foot. 

m 0 = 3° 26' 54" 

1°32'58" 

O 

Temp, of magnet . . 14-0 C. 

14-0 C. 

p, = 0-00017 

0-00017 

57-2 Fahr. 

57-2 Fahr 

, 


q = 0-00021 

0-00021 


WVh 

log-J = 8-46338 


m = 0-2362 X = Horizontal Intensity = 8-125 
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. MAGNETIC OBSERVATIONS. 


2. Dip. 

1855, November 6, 8 h 45“ a.m. local time. 
Dip needle: No. 3. Temp. 11° -8 C., 53° -2 Fahr. 


End A. 

Face to instrument 42° 3-9 Mean a = 4-35 

Face reversed .... 42 4 >8 


End B. 

0 I 

Face to instrument 40 40 -8 
Face reversed .... 40 20-8 

Mean of the dip 


Mean £ = 40 30*8 
= = 41 17-58 

a 


Dip corrected for error of needle . . . . 41 15-12 


3. Vertical Intensity 7-127 

4. Total Intensity 10-807 


GROUP YHI. 

SIMLA TO HAZARA. 

Yangtu bridge. — Rampur. — Simla. — Sultanpur. — Kardong. — Srinagger. — Daver. — Mozaferabad. — Marri. 


No. 56. VIngtu, in the Province or SImla. 

Latitude North. Longitude East Green. Height. 

31° 37' 0" 77° 54' 0" 4,200 feet. 


On detritus accumulated by the S&tlej, 50 feet above the level of the river. 

See p. 203. • 

Observer: Hermann. 


Dip. 

1856, June 4, 7 h 45“ p.m. local time. 

Dip needle: No. 2. Temp. 17° -6 C., 63° -7 Fahr. 

End A. 


O / 

Face to instrument 43 19-5 
Face reversed . . . 43 18-5' 


o r 

Mean a = 43 19*0 



GROUP VIII. SfMLA TO HAzIrA., 


End B. 


0 / 

Face to instrument 43 29-0 
Face reversed ... 43 23-2 

Mean of the dip 


Mean p = 43 26-1 


= = 43 22-55 


Dip corrected for error of needle .... 43 22-80 
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No. 57. Rampur, in the Province of Sim a. 


Latitude North. Longitude East Green. Height. 

31° 31' 0" 77° 37' 0" 3,215 feet. 

Near the village; on alluvial soil deposited by the S&tlej. See p. 203. 

Observer : Hermann. 


Dip. 

1856, June 2, 6 h 35 m p.m. local time. 

Dip needle: No. 2. Temp.: 16° -7 C., 62° -1 Fahr. 


End A. 


O / 

Face to instrument 42 37-8 
Face reversed ... 42 54-5 


O / 

’Mean a = 42 46-15 


End B. 


o / 

Face to instrument 42 38-0 
Face reversed ... 42 54-0 

Mean of the dip = 


Mean p 

« + P 
2 


Dip corrected for error of needle . . 


= 42 46-0 

= 42 46-08 
. . 42 46-43 


No. 58. SfMLA, IN THE PROVINCE OP SfMLA. 

Latitude North. Longitude East Green. Height. 

81°’ 6' 6" 77° T 36" 7", 091 feet. 

On a mountain ridge thinly covered with decomposed rocks. See p. 2 ua. 

Observer: Adolphe. 


I. 


53 
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DECLINATION. 

1856, May 15, 2 h 30“ p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 3. 


0 / 

Magnetic meridian 13 1-0 

True meridian (see p. 205) . . 10 5-5 

Declination East .... 2 55-5 


INTENSITY. 

I. Horizontal Intensity. 

A. Vibration. 

1856, May 17, ll h 30“ a.m. local time. 

Magnet Tibrated: L 1 . Temp.: 20° -4 C., 68° -7 Fahr. 
Chron. A, losing 3 s -0. 


No. of vibrations ....... 400 Time of 1 vibration 2 s -890 

Semiarc i beginning 150 ' 5 « = °'°°020 

(ending....... 92-5 [i. = 0-00017 

Torsion (90°) s' Time of 1 vibration coit. . . 2 s -898 


logZ = 0-43821 log mX = 0-50836 

B. Deflection. 

1856, May 17, 3 h 27“ p.m. local time. 

* 

Magnets': Deflecting L 1, deflected #21. 

Deflection bar: H 3. Distances: 1 foot, 1-3 foot. Temp.: 22° -2 C., 72° • 0 Fahr. 

1 foot. 1-3 foot. l f 00t . i. 3 foot. 

u °~ V 5' IT' 3° 14' 53" Temp, of magnet. ... 22-1 C. 21°-7 C. 

H- = 0-00017 0-00017 71-8 Fahr. 71-1 Fahr. 

<1 = 0-00020 0-00020 

log J- = 8-79877 

X = Horizontal Intensity = 7-158. 


m = 0-4504 
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2. Dip. 

1856, May 15, 3 h 0 m to 5 11 0 m p. m. local time. 
Dip Needles. Dip. 


No. 1 

„ 2 


42 26-10 
42 28-38 
42 27-80 
42 37-72 


Resulting Dip (mean of the four determinations) 42 30-0 

The detail of the observations see in connection with the comparison of the 
needles, p. 296. 


3. Vertical Intensity . . . . . 6-559 

4. Total Intensity 9-709 


No. 59. SultXnpur, in Kllu. 

Latitude North. Longitude East Green. Height. 

31° 57' 50" 77° 5' 50" 3,830 feet. 

On a high bank of diluvium, on the Bias river. See p. 205. 

Observer: Adolphe. 

DECLINATION. ' 

1856, June 5, ll h 40“ a.m. local time. Theodolite 3, and Needle, Troughton; Chron. 1. 


O / 

Magnetic meridian 229 8 • 6 

True meridian (see p. 206) 226 6-0 


Declination East .... 3 2-6 


Dip. 

1856j June 5, 8 h 30 m a. m. local time. 

Dip needle: No. 3. Temp.: 20° -0 C., 68° -0 Fahr. 
End A. 


O / 

Face to instrument 44 34-0 
Face i-eversed ... 44 37-0 


O / 

Mean a = 44 35-5 


53 * 
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End JB. 

O / 

Face to instrument 43 17-3 
Face reversed ... 43 10-3 


, O / 

Mean £T= 43 13-8 


Mean of the dip = 




= 43 54-65 


Dip corrected for error of needle . . . . 43 52-19 


No. 60. KIrdong, in Lah6l. 


Latitude North. 
32° 33' 50" 


Longitude East Green. 
77° 0' 35" 


Height. 
10,233 feet. 


On detritus deposited by the river “Chinab”. See p. 206. 

Observer: Adolphe. 


DECLINATION. 

1856, June 14, 8 U O m am. local time! Collimator 2 ; Theodolite 3 , Troughton; Chron. 1 . 

Magnetic meridian . 140 49.1 

True meridian (see p. 206) . 137 25-8 

Declination East .... 3 23-3 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, June 14, 12 b 30 m p.m. local time. 

Magnet vibrated: B 7. Temp.: 19°-2 C., 66°-5 Fahr. 

Chron. A, losing 4 s - 5 . 

Time of 1 vibration . . , 


No. of vibrations 300 

Semiarc i b6gin “ ns ••••• • 208 
( ending 53 

Torsion (90°) 3 / 

log K = 0-26891 


q = 

p. = 

Time of 1 vibration corr. . 
log m X = 0-24179 


3 s -226 ^ 
0-00021 
0-00017 
3 s -241 
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B. Deflection. 

1856, June 14, 4 h 0” p.m. local time. 
Magnets: Deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp. J 


14-4 C., 58-0 Fahr. 
13-8 0., 56-8 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

«0= 3° 19' 41" 

1° 30' 22" 

o 

Temp, of magnet. . 11-4 G. 

H- = 0-00017 

0-00017 

52 • 5 F’ahr. 



q = 0-00021 


1-3 foot. 
13°-0 C. 
55-4 Fahr. 
0-00021 ' 


l0S X = 8 ' 45520 

0-2231 X — Horizontal Intensity = 7-821 


m 


2. Dip. 

1856, June 12, 4 h 40 m p.m. local time. 

Dip needle: No. 3. Temp.: 16°-0 0., 60°-8 Fahr. 


End A. 

O / 

Face to instrument 45 0*4 
Face reversed ... 45 32-4 


O I 

Mean a = 45 16-4 


End B. 

o ; 

Face to instrument 43 48-8 
Face reversed. ... 43 42-0 


Mean £5 = 43 45-4 


Mean of the dip = — ^ — — 44 30 • 90 * 
Dip corrected for error of needle .... 44 28-44 

3. Vertical Intensity 7-679 

4. Total Intensity . . 10-960 


No. 61. SrinIgger, Capital op Kashmir. 

Latitude North. Longitude East Green. Height. 

34° 4' 36" 74° 48' 30" 5,144 feet. 

On. very fertile lacustrine deposits, in a garden. See p. 206. 

Observers: Adolphe and Robert. 
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MAGNETIC OBSERVATIONS. 


DECLINATION. 

1856, October 25, 4 1 * 50 m p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 3. 


O / 

Magnetic meridian 239 10-4 

True meridian (see p. 209) . 236 10-5 

Declination East .... 2 59-9 


INTENSITY. 


1. Horizontal Intensity. 

A. Vibration. 

1856, October 21, 3 h 20 m p.m. local time. 


Magnet vibrated: JB 7. ' Temp.: 19° -4 C., 67°-0 Fahr. 


Chron. 3, gaining l‘-01. 


No. of vibrations . . 100 

s« i 167 

( ending 56 

Torsion (90°) 8' 


Time of 1 vibration 3 s -320 

q — 0-00021 
p = 0-00017 

Time of 1 vibration corr 3 s -336 


log K — 0-26891 * log mX = 0-21676 


B. Deflection. 

1856, October 22, 3 h 30 m p.m. local time. 


Deflection bar: A. 


Magnets: Deflecting JB 7, deflected JB 2. 
Distances: 1-3 foot, 1-5 foot. Temp. 


19-1 C., 66-3 Fahr. 
18-4 C., 65-2 Fahr. 


1-3 foot. 

1 • 5 foot. 

1-3 foot. 

Mo = 1° 42' 42" 

0° 58' 49" 

_ o 

Temp, of magnet ... 19-2 C. 

p = 0-00017 

0-00017 

66*5 Fahr. 



q = 0-00021 


1-5 foot. 
18-3 C. 
65-0 Fahr. 
0-00021 


log -^ = 8-55001 
X = Horizontal Intensity = 6-814 


m ~ 0-2418 
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2. Dip. 

1856, October 23, 2 h 0 m to 3 h 50 m p.m. local time. 

Dip Needles. Dip. 

No. 1 46 48-80 

2 46 51-02 

3 46 57-27 

4 46 44-01 

Resulting Dip (mean of the four determinations) 46 58-28 

The detail of the observations see in connection with the comparison of the 
needles, p. 297. 


3. Vertical Intensity 7-300 

4. Total Intensity 9-986 


SRINAgGER daily variations. 

A. Declination. 

From October 27 to October 31 observations on the daily variation of the decli- 
nation were made, the units of the scale readings being tenths of a minute. The 
time of the observation includes maximum and minimum, and consequently the curves 
could easily be completed for the few remaining hours of the night. 

Increasing numbers correspond to an easterly motion of the declination. 


Scale Readings of the Declinometer. 
Srinagger, 1856, October. 

Unit = y l0 Minute. 


1856, 

4**a.m. 

6 h 

9 h 

Noon 

2 h E.M. 

4 h 

6 h 

7 h 

9 h 

9 h 

10 u P.M. 

Oct. 

27 

285 

285 

292 

300 

303 

301 

299 

298 

298 

297 

296 


28 

285 

286 

293 

298 

300 

299 

294 

292 

293 

293 

292 

77 

29 

292 

293 

293 

296 

299 

293 

292 

291 

291 

290 

289 

•77 

30 

293 

293 

292 

296 

297 

299 

299 

297 

296 ' 

297 

297 

77 . 

31 

270 

270 

276 

272 

268 

267 

268 

267 

268 

267 

267 

Mean . . 

. 285-0 

285-4 

289-2 

292-4 

293-4 

291-8 

290-4 

289-0 

' 289-2 

288-8 

288-2 


If, after completing the curves, we take the mean of the 24 hours, we obtain as 
differences the following values for the daily variation corresponding to each hour: 
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MAGNETIC OBSERVATIONS. 


Declination at SrinIgger ; Daily Variation: 1856, October 27 to 31, local time. 


A.M. p.m. 


Midnight 

— 0-25 

Noon 

4 0-36 

1 

— 0-21 

1 

'+ 0-39 

2 

— 0-28 

2 

4 0-46 

3 

— 0-33 

% 

3 

4 0-39 

4 

— 0-38 

4 

+ 0-30 

5 

— 0-38 

5 

•f 0-19 

6 

— 0-34 

6 

4 0-16 

7 

— 0-19 

7 

4 0-01 

8 

— 0-03 

8 

4 0-04 

9 

4 0-03 

9 

— 0-00 

10 

4 0-13 

10 

— 0-08 

11 

4 0-11 

11 

— 0-17 


In Fig. 3, Plate 2 (p. 386), the curves of these differences, ■with the corresponding 
observations at Bombay, are drawn. The hours and the general form coincide very 
well for November, but the amplitude is considerably smaller at Srin&gger. 

B. Horizontal Intensity. 

The deflection by L 1 was observed from October 27 to 31, from 6 1 * a.m. to 6 h p.m. 
The scale readings are tenths of the minute, and their differences, multiplied by 
O' 00322, give the absolute values of variations of horizontal intensity in English units. 
Increasing numbers correspond to an increase of intensity. 


Deflection at Srin Agger, 1856, October, local time. 




6 h A.M. 

9 b 

Noon 

2 h P.M. 

4 b 

6 h 

October 27 

280 

280 

271 

280 

280 

281 

55 

28 

280 

280 

280 

280 

267 

268 

55 

29 

. 275 

277 

270 

268 

268 

268 

55 

30 

275 

278 

278 

268 

268 

268 

55 

31 

300 

300 

298 

298 

300 

300 

Mean . . . 


. . 282-0 

283-0 

279-4 

278-8 

276-6 

277-0 


Differences (varia- 
tions of Horizontal 
Intensity) 


in scale readings -f- l-O -3-6 
in absolute values + 0 • 00322 — 0 -01159 



- 0-6 - 2-2 + 0-4 
— 0-00193 — 0-00708 + 0-00129 
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GROUP vm. sImla to hazIra. 


Variation op Horizontal Intensity at Bombay, 1856, October, local time. 




6 h 12” A. M. 

9 11 12“ 

12 h 12” p.m. 

2 h 12 m 

4 h 12” 

6 h 12” 

October 

27 

• • • 

. . . 

• . . 

... 

8-0438 

8-0432 


28 

8-0481 

8-0540 

8-0557 

8-0497 

8-0457 

8-0421 


29' 

8-0454 

8-0546 

8-0559 

8-0524 

8-0473 

8-0426 

55 

30 

8-0388 

8-0534 

8-0585 

8-0516 

8-0461 

8-0409 

>5 

31 

8-0453 

8-0538 

8-0579 

8-0518 

8-0483 

8-0459 

Mean . 
Differences (variatic 

ins of 

. 8-0444 

) ” 

8-05395 

8-0570 

8 '051375 

8-04624 

8-04294 


Horizontal Intensity > + 0-00955 + 0-00305 — 0-005625 — 0-005135 — 0-00330 

in absolute values) ) 


No. 62. DIver, in KashmIr. 

Latitude North. Longitude East Green. 

34° 34' 5" 74° 46' 0" 

Near the fort; on alluvial soil. See p. 209. 

Observer: Adolphe. 


Height. 
7,718 feet. 


Dip. 


1856, October 4, 7 h 45 m a.m. local time. 

Dip needle: No. 4. Temp.: 10°-6 C., 51°-1 Fahr. 


End A. 

O / 

Face to instrument 47 39-5 
Face reversed ... 47 35-6 

End B. 

O I 

Face to instrument 47 48-6 
Face reversed ... 47 46-4 
Mean of the dip 


Mean a = 47 37-55 


Mean 0 = 47 47-5 
= a ^ = 47 42-53 


Dip corrected for error of needle .... 47 41-65 


No. 63. MozIferabId, in Kashmir. 


Latitude North. Longitude East Green. Height. 

34° 22' 25" 73° 31' 10" 2,220 feet. 


On a level place, covered with grass. See p. 210. 

Observer: Robert. 


i. 


54 
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MAGNETIC OBSERVATIONS. 


DECLINATION. 

1856, November 10, 5 h 30“ p.m. local time. Collimator l 1 ; Theodolite 2, Jones; Chron. 5. 

O / 

Magnetic meridian 166 50-5 

True meridian (see p. 212) 163 26-6 

Declination East .... 3 23-9 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, November 10, l h 30“ p.m. local time. 


Magnet vibrated 


Temp. 


LI 

L 1 with ring. 

Chron. 5, Grant, gaining 14 B -0. 


19- 8 C., 67-6 Fahr. 

20- 0 C., 68-0 Fahr. 


Semiarc j be f ’ ^ 
( ending . . 


Without 

With 

Without 

ring. 

ring. 

ring. 

550 

300 

Time of 1 vibration . . . . 3 s -017 

218-5 

165 

q = 0-00020 

79-5 

139-5 

p. = 0-00017 

2' 

2' 

Time of 1 vibration corr. . 3 s -025 


With 

ring. 

8--114 
0-00020 
0-00017 
8 s - 134 


logZ; = 0-43868 log K = 0-43821 

log mX = 0-47097 

B. Deflection. 

1856, November 10, 4 h 0“ p.m. local time. 

Magnets: Deflecting L 1, deflected if 21. 

• 0 O 

Deflection bar: H 3. Distances: 1 foot, 1-3 foot Temp I 19-6 C, > 67-3 Fahr - 

( 19-2 C., 66-6 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

«0= 7° 10' 9" 

3° 20' 54" 

Temp, of magnet . . 19 - 6 C. 

p. = 0-00017 

0-00017 

67-3 Fahr. 



q = 0-00020 


1-3 foot. 
19-2 C. 
66-6 Fahr. 
0-00020 


log ~X ~ 8>8 2402 

X = Horizontal Intensity = 6-660 


m = 0-4441 


magnetic instruments with hinT ^ Adolphe and Hermann travelled together, and Robert had Hermann’s 
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2. Dip. 

1856, November 11, 8 h 5 m a.m. local time. 


Dip needle: No. 2. Temp.: 8° -9 C., 48°-0 Fahr. 


End A. 
0 / 

Face to instrument 47 14*6 
Face reversed ... 47 13-5 


o / 

Mean a = 47 14*05 


End B. 

o / 

Face to instrument 47-57-0 
Face reversed ... 46 53-5 


Mean (3 = 47 25-25 


Mean of the dip = a — = 47 19-65 
Dip corrected for error of needle'. . . . 47 20-00 


3. Vertical Intensity 7-226 

4. Total Intensity 9-827 


No. 64. MIrri, in the Province oe MIrri. 

Latitude North. Longitude East Green. Height. 

33° 51' 0" 73° 22' 40" 7,260 feet. 

In one of the gardens of the station. See p. 213. 

Observers: Hermann and Adolphe. 


DECLINATION. 

1856, November 13, 6 h 20 m p.m. local time. Collimator 2; Theodolite 3, Troughton; Chron 1. 


O / 

Magnetic meridian . . 53 5-7 

True meridian (see p. 214^ 49 44*6 

Declination East .... 3 21-1 


54 * 
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MAGNETIC OBSERVATIONS. 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 


1856, November 15, 5 h 37 m p.m. local time. 
Magnet vibrated: B 7. Temp.: 10° -1 C., 50° -2 Fahr. 


Chron. 

No. of vibrations 380 

_ . ( beginning 131 >5 

Semiarc 1 

( ending 80 

Torsion (90°) 3' 


log K = 0-26891 


', losing 3 s -0. 

Time of 1 vibration 3 s -289 

q — 0-00021 
p. = 0-00017 

Time of 1 vibration corr. . . 3 B -310 
logmX = 0-22355 


B. Deflection. 

1856, November 13, 3 h 17 m p.m. local time. 

Magnets: deflecting B 7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp.: 11°-1 C., 52° -0 Fahr. 


1 foot. I 

1-3 foot. 

1 foot. 

1-3 foot. 

Wy — 3° 22' 9" 

1° 41' 3" 

O 

Temp, of magnet . . 11-1 C. 

11-1 C. 

p. = 0-00017 

5-00017 

52-0 Fahr. 

52-0 Fahr. 



q = 0-00021 

0-00021 


log ~ = 8-57325 

m = 0-2503 X — Horizontal Intensity = 6-686 

2. Dip. 

A. 1856, November 13, 4 h 30 m p.m. local time. 

Dip needle: No. 3. Temp.: 27° -7 C., 81° -8 Fahr. 


End A. 


Face to instrument 46 46-2 
Face reversed ... 46 52-4 


Mean a = 46 49-3 


End B. 


Face to instrument 45 30-3 
Face reversed ... 45 30 • 7 


Mean £ = 45 30-5 


Mean of the clip = a - ~^~ ^ = 46 9-90 


Dip corrected for error of needle . 


46 7-44 
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B. 1856, November 15, 12 h 30 m p.m. local time. 
Dip needle: No. 3. Temp.: 22° -8 C., 73°-l Fahr. 


End A. 


Face to instrument 
Face reversed . . . 


46 47-0 
46 38-8 


Mean a = 46 42 -9 


End B. 


Face to instrument 
Face reversed . . . 


0 / 

45 11-5 

45 25-5 


Mean 0 = 45 18-5 


Moan of the dip — 


a + 


Dip corrected for error of needle . . 

General Mean . . 


= 46 0-70 

. 45 58-24 
. 46 2-84 


8. Vertical Intensity 6-935 

4. Total Intensity 9-633 


b. TIBET. 

GROUP IX. 

(mJjeii kh6ksum. 

In calculating our observations taken in this province, we found that the readings 
were generally insufficient or inaccurate. This arises chiefly from the difficulties under 
which we had to make them. When travelling in disguise, as we did in this case, 
we were obliged to pack up hurriedly, or to conceal our instruments, whenever we 
saw people not belonging to us approaching our camp. Subsequently, however, we 
learnt by experience to take precautions against disturbance, by stationing outposts 
in advance of us. 
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MAGNETIC OBSERVATIONS. ' 


GROUP X. 

LADAK 

Mud. — Tsomoriri. — Tsomognalarf. — Leh. — Padum. — Sasser pass.— Kargil. — Dras. 


No. 74. Mud, in Spin. 


Latitude North. Longitude East Green. 

31° 55' 35" 78° V 20" 


On a high bank of detritus of sedimentary rocks. 

Observer : Hermann. 


Height. 
12,421 feet. 

See p. 228. 


DECLINATION. 

1856, June 13, 2 h 30“ p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O / 

Magnetic meridian 62 19-4 

True meridian (see p. 229) . . . 58 35-9 

Declination East .... 3 43-5 


Dip. 

1856, June 13, 6 h 0 m p. m. local time. 

Dip needle: No. 2. Temp.: 10° -6 C., 51°-1 Fahr. 
End A. 


Face to instrument 44 22-0 
Face reversed ... 44 11-8 

End B. 


O / 

Mean a = 44 16-9 


Face to instrument 44 18-3 

Face reversed ... 44 17-8 Mean g = 44 18-05 
Mean of the dip = = 44 17-48 

Dip corrected for error of needle .... 44 17 • 83 


No. 75. Tsomoriri Salt Lake, in Spiti. 

Latitude North. Longitude East Green. Height. 

32° 45' 25" 78° 16 f 36" 15,130 feet. 

On the right shore of the lake, in a place formerly under water, and at present 
covered with saline deposits. See p. 229. 

Observer: Hermann. 
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DECLINATION. 

1856, June 21, 4 h 50 m p.m. local time. Collimator 1; Theodolite 2, Jones; Chiron. 3. 


O / 

Magnetic meridian 11521-3 

True meridian (see p. 231) • 112 11-4 


Declination East .... 3 9-9 


Dip. 


1856, June 22, 4 h 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 8° -4 C., 47° -1 Fahr. 
End A. 


Face to instrument 
Face reversed . . . 


45 37-2 
45 6-8 


Mean a — 


End B. 


45 16-8 


Face to instrument 
Face reversed ... 45 19-0 

Mean of the dip : 


Mean 3 
a + 3 


Dip corrected for error of needle 


45 22-0 


45 17-9 

45 19-95 
45 20-30 


No. 76. TsOMOGNALAltf, THE 

Latitude North. 
33° 39' 50" 

On a terrace of gravel, on 


Geeat Salt Lake, in the District of Pangk6ng 

Longitude East Green. Height. 

78° 38' 30" 14,010 feet. 

the left shore of the lake. See p. 231. 

Observer: Hermann. 


DECLINATION. 

1856, July 2, 9 h 10 m a.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 3. 


O / 

Magnetic meridian 66 8*3 

Time meridian (see*p. 232) 62 46-5 

* Declination East .... 3 21*8 
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MAGNETIC OBSERVATIONS. 


Magnet vibrated 


INTENSITY. 

1. Horizontal Intensity. 
A. Vibration. 

1856, July 2, 2 h 30“ p.m. local time 
LI 

L 1 -with ring. 

Chron. 3, gaining 1* *01. 


Temp. 


15- 8 0., 60-4 Fahr. 

16- 1 C., 61-0 Fahr. 


Without 
ring. 

No. of vibrations 200 

beginning 140 

ending 70 

Torsion (90°) 0' 

log K, = 0-44591 


Semiarc 


With 

Without 

ring. 

ring. 

31 

Time of 1 vibration .... 2® 977 

80 

2 = 0-00020 

70 

(jl = 0-00017 

O' 

Time of 1 vibration corr. 3 s -008 


With 

'ring. 

7® -948 
0-00020 
0-00017 
7 s -975 


log K = 0-43821 


log mX = 0-47591 


B. Deflection. 


1856, July 2, 9 1 30“ a.m. local time. 

Magnets: Deflecting L 1, deflected H 21. 

O O. 

Deflection bar: H 3. Distances: 1 foot, 1-3 foot. Temp, j ^ ^ ^ ^ 

* ( 15-0 C., 59-0 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

1-3 foot. 

u 0 = 7° 27' 48" 

3° 21' 59" 

Temp, of magnet . . 13 • 9 C. 

14-8 C. - 

p. = 0-00017 

0-00017 

57-0 Fahr. 

58 • 6 Fahr. 



2 = 0-00020 

0-00020 


log = 8-80370 

m = 0-4363 X — Horizontal Intensity = 6-856 


2. Dip. 

1856, July 3, 12 11 Noon local time. 

Dip needle: No. 2. Temp.: 14°-1 C., 57°-4 Fahr. 


End A. 

Oi / 

Face to instrument 46 30-8 
Face reversed ... 46 37-7 


o / 

Mean oc = 46 34 - 25 
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End B. 


0 / 

Face to instrument 46 33-0 


Face reversed 


46 33-3 


Mean § = 


46 33-15 


Mean of the dip = 


= 46 33-70 

Dip corrected for error of needle .... 46 34-05 


3. Veetioal Intensity 7-242 

4. Total Intensity 9-972 


No. 78. Leh, in LadIk. 

Latitude North. Longitude East Green. Height. 

34° 8' 21" 77° 14' 36" 11,527 feet. 

In a large open place at the lower end of the town. 1 See p. 234. 

Observer: Hermann and Robert. 

FIRST SERIES. 

DECLINATION. 

1856, .July 18, 3 h 35 ,n p.m. local time. Collimator 1; Theodolite 2, Jones; Chron. 8. 


0 ' 

Magnetic meridian 139 0-3 

True meridian, (see p. 241) 135 36-2 


Declination East .... 3 24-1 


INTENSITY. 


1. Horizontal Intensity. 

A. Vibration. 

1856, July 16, ll h 56 m a.m. local time. 


Magnet vibrated 


Temp. 


LI 

II with ring. 

Chron. II, losing 0“ • 3. 


29- 3 C., 84-8 Fahr. • 

30- 0 C., 86-0 Fahr. 


1 Compare plate 9 of the Atlas of Panoramas, Views, &c., giving a general view of the town, and showing also 
the position of the tent with the magnetic instruments. 


I. 


55 
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MAGNETIC OBSERVATIONS. 


ring. 


No. of vibrations 400 

* 

■ . ( beginning .... 132 

Semiarc ’ 


ending 


Torsion (90°) 6' | 6' 

log -ST, = 0-42926 
log m X 


With 

Without 

ring. 

ring. 

100 

Time of 1 vibration 2 s - 973 . 

19-5 

q = 0-00020 

165 

p. = 0-00017 

6' 

Time of 1 vibration corr. . . 2 s - 977 


log K 
0-48495 


0-48821 


B. Deflection. 

1856, July 17, 10 h 10 m a.m. local time. 
Magnets : Deflecting LI, deflected H 21. 

Deflection bar: H 3. Distances: 1 foot, 1-3 foot. Temp, j 


m = 0-4393 


25- 8 C., 78-4 Fabr. 

26- 2 0., 79-2 Fahr. 


1 foot. 

1 • 3 foot. 

1 foot. 

« 0 = 7° 9' 29" 

3° 16' 9" 

o 

Temp, of magnet . . 25-0 C. 

|L = 0-00017 

0-00017 

77-0 Fabr. 


' 

q = 0-00020 


1-3 foot. 

O 


log y = 8-80055, 

X = Horizontal Intensity = 6-953 


2. Dip. 

1856, July 16, 4 b 30 m p.m. local time. 

Dip needle: No. 2. Temp.: 27°-8C.; 82.° -5 Fahr. 

End A. 

O / 

Face to instrument 47 0-0 0 ' 

t, , „ Mean a = 46 55-86 

Face reversed ... 46 51-72 

End B. 

O / 

Face to instrument 46 48-77 

t, , ^ Mean? = 46 48-72 

Face reversed ... 46 48-68 

Mean of the dip = - = 46 52-29 

Dip corrected for error of needle . . . . 46 52-64 


Mean? = 46 48-72 
a ^ = 46 52-29 


3. Vertical Intensity 7-426 

4. Total Intensity . . . .... . . . 10-172 
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SECOND SERIES . 1 * * * * * * 
DECLINATION. 

1856, September 30, 5 h 50“ p.m. local time. Collimator 1; Theodolite 1, Jones; Chron. 3. 


0 / 

Magnetic meridian 228 36-7 

True meridian (see p. 241) 225 15-6 

Declination East .... 321-1 


INTENSITY. 

1. Horizontal Intensity. 

. A. Vibration. 

1856, September 29, 4 h 0 m p.M. local time. 
Magnet vibrated: L 1. Temp.: 10° -8 C-, 51° -5 Fahr. 
Chron. II, losing O' -5. 


No. of vibrations . . . 

100 | 

Time of 1 vibration . . . 

. . . . 2 8 -992 

. ( beginning 

Semiarc < 

00 

CO 

r— i 


q = 0-00020 

( ending . . 

109-5 


(j. = 0-00017 

Torsion (90°) .... 

9' 

Time of 1 vibration corr. 

. . . . 3 s • 007 


log K = 0-43821 

log mX — 0-47625 

• 


B. Deflection. 

1856, September 28, 5 h 0 m p.m. local time. 


Magnets: Deflecting Ll, deflected If 21. 

* 

Deflection bar: H 3. Distances: 1 foot, 1-3 foot.. Temp. 


13-0 C., 55-4 Fahr. 
12-0 C., 53-6 Fahr. 


1 foot. 1-3 foot. 1 foot. 1-3 foot. 

u„ = 7° 9' 17" 3° 16' 17" Temp, of magnet . . 13-0 C. 12-0 C. 

(jl = 0-00017 0-00017 55-4 Fahr. 53-6 Fahr. 

q = 0-00020 0-00020 


log -5- = 8-80184 

m = 0-4355 X = Horizontal Intensity = 6-873 


1 A combination of observations, not quite so complete, July 17 and 18, gave : 
log NT, 0-43382 

46 52 64 | Compare JIunohner gelehrte Anzeigen, 

Horizontal Intensity 6-922 i 85 9, No. 37. 

Total Intensity ... 10*126 / 

Though the difference is but very small, we thought it preferable not to take the mean of all three. 

55 * 
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MAGNETIC OBSERVATIONS. 


2. Dip. 

1856, September 28, 10 h 0 m a.m. local time. 

Dip needle: No. 2. Temp.: 14° -2 C., 57° -6 Fahr. 


End A. 


Face to instrument 
Face reversed . . . 


46 46-19 
46 43-84 


End B. 


Mean a 


46 45-02 


Face to instrument 46 55 • 67 
Face reversed ... 46 57-34 

Mean of the dip = 


Mean (3 

a + P 


Dip corrected for error of needle . . 
Mean of the two series 


= 46 56-51 
= 46 50-77 

. . 46 51-12 
. . 46 51-88 


3. Vertical Intensity 7-336 

4. JTotaii Intensity 10-053 


DAILY VARIATIONS. 

1. Declination. 

The daily variations of the declination were regularly observed at Leh, during our 
absence in Turkistan in the months of August and September. 

We put up the magnet D 2 in a box similar to the vibration apparatus ; a scale, 
which was reflected in the mirror attached to the magnet, showed its angular motion. 

The scale rested on a portion of a circle, the radius of which was its distance 
from the centre of the magnet; the units read on the scale were V 40 minute, and its 
neutral point (the original position of the 0 point) was arbitrary. 

The regular observations were made during our absence from 6 h a.m. to 8 h p.m., 
and the hours were changed periodically, the better to define the daily motion. Ob- 
servations taken by ourselves, before our departure and after our return from Turkistan, 
showed the time of greatest maximum to be 6 h 30“ a.m., and the time of greatest 
minimum 8 1 30“ p.m., winch were data very valuable for the construction of the com- 
plete daily curve. 
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On the 6th of August, 1 Harlrishen observed a decided vertical oscillation of the 
magnets, which lasted for nearly 14 hours. Though not at all aware of the possi- 
bility of such an oscillation occurring, yet he noted it down as a very remarkable 
phenomenon. At Bombay, the day is not marked as a day of disturbances. Only 
'three similar instances of “constant vertical motion” have till now been recorded in 
Van Diemen’s Island. 2 

The following tables contain the daily observations for August and September. The 
increasing numbers indicate a more easterly motion of the north end of the needle. 

1 General Sabine’s observations have shown, that the month of September, in both hemispheres, in particularly 
rich in disturbances. 

2 Compare Humboldt’s Cosmos. Vol. IV., p. T2B. 
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MAGNETIC OBSEBV ATION S . 


DAILY OBSERVATIONS OF THE DECLINATION AT LEH. 


Unit = y«o Minute in Arc. 
A. August, 1856. 


n 

A.M. 

6h 

A.M. I 

9& 10h 

ioon. p.m. 

12h lh 

P.M. 

2h 

P.M. 

4* 6* 

P.M. 

6h 7* 

P.M. 

8* 

■H 

4-32 

+ 16 

0 

0 

+ 8 

0 

* 

2 

4- 32 

+ 8 

0 

0 

0 

+ 4 


3 

4-44 

+ 24 

+ 8 

— 4 

+ 4 

0 


4 

0 

0 

— 8 

+ 12 

+ 16 

— 32 


5 

4-80 

+ 64 

+ 56 

• 4-40 

+ 16 

+ 4 


6 

4- 72 

+ 64 

+ 56 

+ 52 

+ 40 

+ 24 


7 

4-80 

+ 40 

+ 40 

+ 40 

+ 40 

+ 32 


8 

4-56 

+ 56 

+ 40 

+ 40 

+ 40 

+ 40 

+ 32 

9 

4-48- 

+ 56 

+ 32 

+ 24 

+ 32 

+ 32 

+ 36 

10 

4-48 

+ 40 

0 

+ 16 

+ 16 

+ 12 

+ 12 

11 

4-40 

+ 20 

0 

+ 8 

+ 6 

+ 12 

0 

12 

4-40 

+ 40 

+ 16 

+ 12 

+ 40 

+ 40 

+ 40 

13 

4-80 

+ 60 

+ 40 

+ 24 

+ 40 

+ 20 

+ 16 

14 

4-40 

+ 20 

+ 24 

+ 24 

+ 8 

0 

+ 12 

15 

+ 40 

+ 16 

0 

0 

0 

+ 8 


16 

+ 16 

+ 56 

0 

0 

+ 16 

+ 20 


17 

+ 48 

0 

0 

— 8 

— 8 

— 20 


18 

+ 32 

+ 16 

0 

0 

0 

' — 8 


19 

+ 40 

+ 40 

+ 32 

+ 24 

-16 

+ 20 


20 

+ 40 

+ 40 

+ 20 

+ 20 

+ 8 

0 


21 

+ 40 

+ 40 

+ 32 

+ 20 

0 

0 


22 

+ 72 

+ 40 

+ 28 

+ 32 

0 

0 


23 

+ 80 

+ 76 

+ 72 

+ 60 

+ 48 

+ 40 

+ 40 

24 

+ 88 

+ 80 

+ 72 

+ 60 

+ 72 

+ 56 

+ 72 

25 

+ 60 

+ 72 

+ 32 

+ 40 

+ 40 

+ 16 

+ 40 

26 

+ 60 

+ 40 

4- 0 

0 

0 

+ 8 

+ 40 

27 

+ 80 

+ 84 

+ 72 

+ 48 

+ 40 

+ 40 

+ 40 

28 

+ 80 

+ 64 

+ 48 

+ 32 

+ 32 

+ 32 

+ 20 

29 

.+ 40 

+ 20 

0 

0 

+ 20 

+ 20 

* 

30 

+ 35 

l + 4 

( 

) c 

> + 4 

0 


31 

+ 35 

i 0 

( 

) c 

> 0 

i 0 

1 
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B. September, 1856- 


1856 , 

September. 

A.M. 

6>> 7h 

A.M. 

9h ioi» 

Noon. f.m. 

m lii 

P.M. 

2h 3h 

P.M. 

4* 5 h 

P.M. 

6b 7b 

P.M. 

8b 

i 

+ 44 

+ 44 

52 

+ 44 

+ 44 

+ 52 


2 

"4” 80 

+ 48 

+ 20 

+ 20 

+ 28 

+ 16 


3 

+ 4 

0 

— 8 

- 8 

0 

0 


4 

+ 40 

+ 40 

-|- 12 

+• 32 

+ 40 

+ 40 


5 

+ 72 

+ 56 

+ 40 

+ 32 

+ 32 

+ 16 


6 

+ 44 

+ 40 

-|- 32 

+ 20 

+ 20 

+ 40 

+ 40 

7 

+ 80 

+ 80 

+ 72 

+ 40 

+ 40 

+ 32 

+ 24 

8 . 

+ 32 

+ 4 

+ 8 

+ 4 

+ 20 

+ 20 

+ 16 

9 

+ 16 • 

+ 8 

+ 4 

+ 4 

+ 4 

0 

0 


+ 4 

+ 4 

— 8 

— 8 

— 8 

— 12 

- 8 

■ ' 


— 24 

— 8 

— 8 

- 8 

— 16 

— 16 

Hi 

0 

0 

— 8 

0 

- 8 

0 

1 

0 


For taking the means, the different hours of observation -were combined as 
follows : 

Va (6 + 7) = 6 h 30”; »/ 3 (9 + 10) ■= 9" 30”; */• (10 + 12) == 11“ ; Va (12 + 1) = 12 h 30”; 

Va (1^ + 2 ) + 1 __ j h . Va (1 + 3) + 2 __ 2 h. Va (2 + 4) + 3 _ Va (3 + 5) + 4 __ ^ h . 

2 ’2 m 5 2 2 

Va (4 + 0) + 5 = 5h . Va (5 + 7) + 6 = 6h; Va (6 + 8) + 7 = 7 * 
2*2 2 

The means so obtained are given in the following tables; but we have divided 
the results by 40 in order to show the differences in decimals of real minutes. 


h 

m 

1856, August 1 to 31. 

September 1 

6 

30 

+ 1-288 

+ 0-870 

9 

30 

0-992 

0-625 

11 

O 

0-871 

0-582 

12 

30 

0-594 

0-454 

1 

0 

0-568 

0-418 

2 

0 

0-526 

0-385 

3 

0 

0-537 

0-399 

4 

O 

0-534 

0-437 

5 

0 

0-471 

0-470 

6 

0 

0-402 

0-450 

7 

0 

0-381 

0-418 
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MAGNETIC OBSEEVATIONS. 


The absolute values were found: 

O / 

Declination ( July 31 3 24-1 

East ( September 30. . . 3 21- 1 


These two values, as well as the comparison of the variation in August and Sep- 
tember, show that the declination during this period became a little more westerly; 
but the quantity is so small, that its numerical value remains unimportant. 

The daily change of the magnetic declination is represented in curves (fig. 4, 
plate 2, p. 386), in which the data above communicated are introduced ; the co-ordinates 
are the hours and Vio of the minutes of arc, the latter co-ordinates being at the same 
time referred to the true mean of the variation. 

h 1856, August 1 to 31. September 1 to 12. 


12 Midnight 

— 0-29 

— 0-17 

1 A.M. 

— 0-19 

— 0-06 

2 

— 0-06 

+• 0-05 

3 . 

+ 0 • 06 

+ 0-13 

4 

+ 0-24 

+ 0-22 

5 

+ 0-46 

+ 0-31 

6 

+ 0-59 

•f 0-33 

7 

+ 0-61 

-|- 0-31 

8 

+ 0-53 

-h 0-22 

9 

+ 0-37 

0-12 

10 

+ 0-26 

-t- 0-08 

11 

+ 0-20 

-f- 0-04 

12 Noon 

- 0-01 

— 0-04 

1 P.M. 

— 0-15 

— Oil 

2 

— 0-18 

— 0-17 

3 

— 0-16 

— 0-14 

4 

— 0-16 

— 0-10 

5 

— 0-21 

— 0-06 

6 

— 0-29 

— 0-08 

7 

— 0-32 

— 0-12 

8 

— 0-34 

— 0-17 

9 

— 0-34 

— 0-21 

10 

— 0-33 

— 0-20 

11 

— 0-30 

— 0-19 


Analogous to the variations of the declination in India, the curves show two 
maxima, one in the morning and one in the afternoon, but the mayi-mn-m ia the 
morning is by far the greater one. 
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Also the difference between maximum and minimum is considerably smaller than 
might be expected for these latitudes, unless, perhaps, we take into consideration the 
great absolute height of Lelt. 

2. Horizontal Intensity. 

The variations of the horizontal intensity were determined by observing the 
changes in the deflection. The deflecting apparatus used was that of Hermann, the 
magnet suspended being .£121, the magnet deflecting, L 1. 

The scale was an arbitrary one, and could be read off in tenths of a minute. In- 
creasing numbers show a decrease of deflection and. an increase of horizontal intensity. 

The value of 1 minute of deflection, reduced to absolute values in English units, 
gave for magnet LI, at the distance employed, 1 unit of the scale (or l / l0 of ar minute 
in deflection) = 0*00170 English units. 

The two following tables contain the detail of the regular daily observations. 

Some isolated observations (10 days) were, besides, made in July and in September 
(before and after our journey to Turkistan) in order to fix the time and value of 
the morning minimum, which was found to take place between 4' 1 and 5 h A.M., and 
to amount (with different signs) to about l / 4 of the rise between 6% and 


i. 


56 
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DAILY OBSERVATIONS OF THE HORIZONTAL INTENSITY AT LEH. 
Expressed in scale values. Increasing numbers show an increase of tie Intensity. 

A. August, 1856. 


1856, 

August. 

A.M. 

fih 7h 

A.M. 

9h ioh 

Noon. p.m. 

12b lh 

P.M. 

2b 3b . 

P.M. 

P.M. 

6b 7b 

P.M. 

* 

8h 

,i 

310 

311 

307 

317 

310 

306 

61 

2 

316 

313 . 

311 

311 

307 

304 

62 

3 

■ 318 

315 

309 

307 

306 

304 


4 

307 

303 

* 308 

310 

307 

304 


5 

312 

316 

314 

309 

304 

308 


6 

313 

309 

306 

306 

308 

323 * 


7 

305 

310 

206 

305 

304 

302 


8 

316 

314 

304 

304 

303 

301 

300 

9 

304 

316 

308 

306 

300 

300 

298 

10 

305 

308 

305 

304 

302 

300 

300 

11 

308 

308 

302 

303 

303 

303 

300 

' 12 

308 

310 

306 

304 

306 

306 

310 

13 

318 

318 

310 

309 

306 

304 

• 301 

14 

304 

306 

314 

318 

317 

316 

314 

15 

326 

318 

314 

313 

310 

316 


16 

320 

318 

314 

314 

314 

315 


17 

324 

318 

313 

316 

314 

313 


18 

327 

318 

315 

316 

317 

316 


19 

330 

322 

318 

318 

306 

318 


20 

328 

321 

318 

318 

315 

316 


21 

325 

320 

318 

318 

326 

320 


22 

325 

324 

318 

318 

315 

311 


23 

.326 

323 

320 

320 

320 

318 > 

319 

24 

330 

325 

320 

320 

32Q 

318 

320 

25 

331 

320 

318 

320 

320 

314 

320 

26 

315 

310 

310 

315 

315 

312 

313 

27 

327 

327 

321 

320 

318 

317 

318 

28 

324 

320’ 

318 

316 

316 

313 

307 

29 

302 

313 

310 

307 

310 

310 

306 

30 

314 

311 

308 

306 

305 

319 


31 

312 

310 

310 

300 

308 

303 
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DIURNAL OSCILLATIONS OF HORIZONTAL 

in English iJnits. 

LEH ANT BOMBAY COMPARED 
IBS 6, August and September. 

aits' India ani HifhA^ia. U face p. 443 . 


INTENSITY 


Vol. 1, Hate 3. 



L eipz ig-. F. A . Tiro cTdui-us . 


EiagravecL "by X-Tfraatz /Berlin 
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G-KOtnp x. ladIk. 


B. September, 1856. 


1856, 

September. 

A.M. 

6 h . 7 h 

A.M. 

9 U lo'> 

Noon. p.m. 
12 h l h 

P.M. 

P.M. 

4 1 ' b b 

P.M. 

6 h 3* 1 

P.M. 

8 h 

i 

313 

1 

314 

318 

318 

323 

321 


2 

323 

320 

320 

’ 

320 

314 

310 


3 

304 

301 

300 

300 

299 

296 


4 

316 

316 

315 

816 

315 

317 * 


5 

325 

320 

315 

315 

316 

316 


6 

318 

320 

316 

314 

314 _ 

312 

312 

7 

322 

322 

320 

316 

318 

317 

310 

8 

8l0 

310 

310 

312 

310 

312 

313 

' 9 

311 

312 

811 

313 

315 

313 

313 

10 

818 

314 

310 

308 

310 

310 

312 

11 

310 

311 

312 

308 

310 

310 

312 

12 

811 

306 

306 

308 

310 

310 

312 


The daily variationB of the horizontal intensity, expressed in parts of the English 
unit, are given in the following tables, where, for Leh, the maximum and minimum 
being introduced, the hours of no observation were deduced by graphic interpolation. 
We add the corresponding values at Bombay 1 for comparison. 


1 Bombay Observatory, vol. 1856, p. 24. 
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Leh. 

Bombay. 

1856. 

August 

September 

1856. 

August 

.September 

1 to 31. 

1 to 12. 


1 to 31. 

1 to 30. 

Midnight 

— 0-0022 

-0-0010 

Midnight +12“ 

-0-0039 

-0-0035 

1 A.M. 

-0-0032 

- 0-0020 

1 A.M. „ 

-0-0040 

-0-0039 

.2 

-0-0042 

-0-0025 

2 

-0-0034 

-0-0033 

3 „ 

-0-0049 

- 0-0032 

3 

-0-0032 

-0-0029 

4 „ 

-0-0054 

- 0-0031 

4 

— 0-0038 

-0-0022 

5 „ 

-0-0055 

- 0-0029 

^ 11 

-0-0032 

-0-0023 

6 „ 

-0-0053 

- 0-0027 

6 

-0-0032 

-0-0026 

7 „ 

-0-0046 

— 0-0022 

7 

-0-0029 

— 0-Q034 

8 „ 

-0-0037 

- 0-0017 

8 

+ 0-0011 

+ 0-0001 

9 „ 

-0-0022 

-0-0009 

9 

+ 0-0049 

+ 0-0051 

10 „ 

-0-0007 

- 0-0003 

10 

+ 0-0082 

+ 0-0089 

11 ,, 

+ 0-0011 

+ 0-0004 

11 

+ 0-0099 

+ 0-0106 

Noon 

+ 0-0020 

+ 0-0004 

Noon „ 

+ 0-0099 

+ 0-0102 

1 P.M 

+ 0-0020 

+ 0-0009 

I®-*- n 

+ 0-0090 

+ 0-0079 

a „ 

+ 0-0031 

+ 0-0019 

2 

+ 0-0068 

+ 0-0059 

3 „ 

+ 0-0032 

+ 0-0010 

3 „ 

+ 0 -0039 

+ 0-0026 

4 „ 

+ 0-0046 

+ 0-0009 

4 „ 

+ 0-0012 

+ 0-0005 

5 j] 

+ 0-0064 

+ 0-0019 

** )! 

-0-0016 

-0-0016 

6 •• 

+ 0-0067 

+ 0-0028 

6 » 

-0-0027 

- 0-0030 

7 « 

+ 0-0065 

+ 0-0039 

7 

-0-0044 

- 0-0051 

j 8 „ 

+ 0-0045 

+ 0-0034 

8 

-0-0045 

— 0-0054 

9 * 

+ 0-0022 

+ 0-0025 

^ 15 

-0-0049 

- 0-0052 

10 „ 

+ 0-0006 

+ 0-0013 

10 

-0-0052 

-0-0048 

11 „ 

-0-0011 

+ 0-0012 

11 

-0-0041 

-0-0034 


The values of the preceding table are represented in curves, plate 3. Both the 
senes at Leh show a great uniformity in their general character, September being 
here, as in reference to the declination, ' the month of the smaller variation. 

The hours of the maxima and minima are nearly 6 hours later than in Bombay, 
but notwithstanding this difference m time, the form of the curve, even including the 
oscillations precedins the maximum, remains very nearly the same. 
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No. 79. PAdum, in TsAnskar. 


Latitude North. Longitude East Green. 

33° 28' 0" 76° 54' 15" 


On rocks much decomposed. Bee p. 241. 

Observer: Adolphe. 


Height. 
11,590 feet. 


DECLINATION. 

1856, June 25, 10 h 15 m a.m. local time; Collimator 2; Theodolite 3, Troughton; Chron. 1. 


O / 

Magnetic meridian 30 51-0 

True meridian (see p. 241) 27 10-2 


Declination East .... 3 40-8 


Dip. 


1856, June 25, 7 h 0 m a.m. local time. 


Dip needle: No. 3. Temp.: 9° <6 O., 49° -3 Eahr. 


End A. 

O I 

Fitce to instrument 46 27-3 
Face reversed ... 46 27-6 


Mean a — 46 27-45 


End B. 


O / 

Face to instrument 45 26 *8 
Face reversed ... 45 16-5 
Mean of the dip 


Mean £ = 45 21*4 
= = 45 54-43 

Ji 


Dili corrected for error of needle .... 45 51-97 


No. 81. SAsser Pass, in Nt5bra. 


Latitude North. Longitude East Green. Height. 

35° 6' 0" 77° 27' 35" 17,753 feet. 

On the neve of the glacier, near the top of the pass. The legs of the stands 
rested on broad stones, to prevent them from sinking into the ice. See p. 243. 

Observers: Hermann and Bobert. 
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MAGNETIC OBSERVATIONS. 


DECLINATION. 


1856, August 2, 2 h 30“ p.m. local time. Theodolite 2, Jones, and its magnetic needle; 1 Chron. 3. 


O / 

Magnetic meridian 278 18-4 

True meridian (see p. 245) 274 46- 5 

Declination East .... 3 31-9 


Dip. 


1856, August 2, 5 11 30“ p. m. local time. 

Dip needle: No. 2. Temp.: 5°-2 C., 41°-4 Fahr. 


End A. 

O / 

Face to instrument 48 13-5 
Face reversed ... 48 13-0 


O / 

Mean a = 48 13-25 


End B. 


O / 

Face to instrument 48 10-0 
Face reversed ... 48 32-8 
Mean of the dip 


Mean = 48 21-4 
— = 48 17,33 


Dip corrected for error of needle .... 48 17-68 


No. 82. KArgil, in the Tibetan District oe Dras. 

Latitude North. Longitude East Green. Height. 

34° 30' 0" 76° 4' 2" ’ 8,845 feet. 

On an alluvial terrace on the left bank of the Kartse river. See p. 245. 

Observer: Robert. 

DECLINATION. 

1856, October 10, 10 1 15“ a. ir. local time. Collimator 1; Theodolite 1, Jones; Chron. 4. 


° 1 

Magnetic meridian 213 25-1 

True meridian (see p. 245) 210 15-0 


Declination East .... 3 10-1 

1 Compare p. 74. 
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INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, October 10, l h 25 m p.m. local time. 

[ Al. I 13-9 C., 57-0 Ealir. 

Magnet vibrated j A 1 with large ring. Temp. < 13-8 C., 56-8 Ealir. 

( Al -with small ring. ( 13-8 0., 56-8 Fahr. 


Obron. 5, Grant, gaining 12® -5. 



Without 

With 

With 

Without 

With 

With 


ring. 

large ring. 

small ring. 

ring. 

large ring. ' 

small ring. 

No. of vibrations . . . 

. 600 

140 

200 

Time of 1 vibration . . 3"-010 

8 s - 114 

5 s -849 

. ( beginning . 

Semiarc. { 

( ending . . 

. 178 

.1.52-5 

265-5 

q ------ 0-00020 

0-00020 

0-00020 

. 110 

128-5 

155 

p = 0-00017 

0-00017 

0-00017 

Torsion (90°) 

0' 

0' 

0' 

Time of 1 vibrat. corr. 3 s -021 

8 s -143 

5 s -869 


logiC, — 0- 43603 (large ring) log K — 0-43821 

logiC, — 0-43970 (small ring) log mX — 0-47235 


B. Deflection. 

1856, October 9, 4 h 0 m p.m. local time. 
Magnets: Deflecting Al, deflected i/21. 


Deflection bar: i/3. Distances: 1 foot, 1-3 foot. Temp. 


1 foot. 

1-3 foot. 

1 foot. 

?/.„ = 7° 24' 42" 

3° 21' 19" 

Temp, of magnet 12-2 0. 

p = 0-00017 

0-00017 

53-9 Fahr. 



<1 = 0-00020 


13-5 0., 56-3 Fahr. 

12-1 C., 53-8 Fahr. 

1-3 foot. 
11-8 0 - 
53-2 Fahr. 
0-00020 


log - J = 8-80354 
X = Horizontal Intensity = 6-830 


m - 0-4345 
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2. Dip. 

1856, October 10, 12 h 45“ p.m. local time. 

Dip needle: No. 2. Temp.: 15° -2 C., 59° -4 Fahr. 
End A. 


Face to instrument 47 9-1 
Face reversed ... 47 53-4 

End B. 

0 / 

Face to instrument 48 28-8 
Face reversed ... 48 20-9 
Mean of the dip 


Mean ot = 47 31-25 


Mean {J = 48 22-35 


a + P 


= 47 56-80 


Dip corrected for error of needle .... 47 57-15 

3. Vertical Intensity 7-574 

4. Total Intensity 10-197 


Ho. 83. Dras, in the Tibetan District oe Dras. 

Latitude North. Longitude East Green. Height. 

34° 28' 0" 75° 43' 5" 9,951 feet. 

Hear the fort, on the alluvial plain. See p. 245. 

Observer: Robert. 


INTENSITY. 


1. Horizontal Intensity. 
A. Vibration. 


1856, October 12, 3 h 50“ p.m. local time. 

Magnet vibrated: LI. Temp.: 12° -0 C., 53° -6 Fahr. 


Chron. 5, Grant, gaining 12 s -5. 


No. of vibrations 600 

_ . ( beginning 230 

Semiarc \ • „„ 

( ending 73-5 

Torsion (90°) 1' 


log K = 0-43821 


Time of 1 vibration 2 s -994 

. 2 = 0-00020 
(j. = 0-00017 

Time of 1 vibration corr. .... 3 8 -004 
log mX = 0-47702 



GROUP X. LADAK. 


B. Deflection. 

1556, October 13, 7 h 0 m a.m. local time. 
Magnets: Deflecting £1, deflected H 21. 

Deflection bar: H’i. Distances: 1 foot, 1-3 foot. Temp, j 


4*1 C., 39-4 Fahr. 
2-2 0., 36-0 Fahr. 


1 foot. 

1-3 foot. 

1 foot. 

O 

1! 

3° 17' 45" 

o 

Temp, of magnet. . 4-0 C. 

p. = 0-00017 

0-00017 

39-2 Fahr. 



<1 — 0-00020 


, m 
log 7 = 

: 8-79656 


1- 3 foot. 

2 - 0 0 . 


m ~ 0-4333 


X = Horizontal Intensity = 6-922 


2. Dip. 

1856, October 13, 9 U 0’“ a.m. local time, 
p needle: No. 2. Temp.: 9°-6 0.. 49° -3 Fahr. 


End A. 

O / 

to instrument 40 54 *7 
reversed ... 46 50*1 

End & 
0 / 

to instrument 46 48*7 
reversed ... 46 50*9 


0 / 

Mean a — 46 52-4 


Mean (3 = 46 49 • 8 


Mean of the dip = = 46 51-10 

Dip corrected for error of needle . . . . 46 51-45 


3. Vertical Intensity 7-386 

4. Total Intensity 10-122 


i. 


57 
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MAGNETIC OBSERVATIONS. 


GROUP XI. 

BA1TI AND HASOEA. 

Chorkonda. — Tso Ka. — Sk&rdo . — Tasking. 


No. 85. GhobeAmda Glacier, above ADongd6ng, in BXlti. 

Latitude North. Longitude East Green. Height. 

35° S3' 20" 75° 56' 0" 13,790 feet. 

On a slope of detritus, on the left side of the glacier, close to the ice. . See p. 248. 

Observer: Adolphe. 

DECLINATION. 

1856, July 24, 4 11 40 m p. ic. local time. OoUimator 1 ; Theodolite 3, Troughton. Pocket-watch by Dent 

Magnetic meridian . . 286 13-2 

True meridian (see p.249) 283 19-8 

Declination East .... 2 58-4 


Dip. 


1856, July 26, 10 h 30 m a.m. local time. 

Pip needle: No. 4. Temp.: 7° -6 C., 45° -7 Fakr. 

End A. 


0 J 

Face to instrument 48 51-3 


Face reversed 


48 34-0 
End IB. 


J 

Face to instrument 48 40-5 
Face reversed . . : 48 50-7 


Mean a = 48 42-65 


Mean p = 48 45-60 


= «+ ft _ 

2 — 

Dip corrected for error of needle .... 48 43-25 


Mean of the dip = t — 43 44.13 

A 



GROUP XI. Bi.LT! AND HAS6RA. 


No. 87. A Tso Ka, in Balti. 

Latitude North. Longitude East Green. Height. 
35° 58' 0" 76° 3' 0" 15,724 feet. 

Observer: Adolphe. (See p. 251.) 


Dip. 


1856, August 21, 4 1 * 0“ p.m. local time. 

Dip needle: No. 3. Temp.: 6° -2 C., 43° -2 Falir. 
End A. 


O / 

Face to instrument 50 6-5 
Face reversed ... 49 54-0 


O / 

Mean a = 50 0-25 


End li. 

O / 


Face to instrument 49 0-5 
Face reversed ... 48 24*5 


Mean p = 48 42-5 


Moan of the dip 
Dip corrected for error of needle 


« + g 
2 


= 49 21-38 
49 18-92 


No. 1)1 . SkAido, in BXlti. 

Latitude North. Longitude East Green. Height. 

35° 20' 12" 75° 44' 40" 7,250 feet. 

On detritus, on the left bank of the Indus. See p. 256. 

Observer: Adolphe. 


DECLINATION. 

1856, September 2, 8 h 15“ a.m. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 


O J 

Magnetic meridian 300 28 *4 

True meridian (see p. 257) 296 23 >1 


Declination East .... 4 5-1 



MAGNETIC OBSERVATIONS. 


INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 

1856, September 3, ll h 10 m p.m. local time. 
Magnet vibrated: A 7. Temp.: 25° -6 0., 78° -0 Fahr. 
Chron. A, losing 2 s - 5. 


Semiarc 


No. of vibrations 750 

beginning 260 

ending ....... 38 

Torsion (90°) ... 4' 

log K = 0-26891 


Time of 1 vibration 3 B -355 

q = 0-00021 
p. = 0-00017 

Time of 1 vibration corr. . . 3 s -366 
log mX = 0-20891 


B. Deflection. 

1856, September 2, 5 h 30 m i>.m. local time. 
Magnets: Deflecting J?7, deflected B 2. 

Deflection bar: A. Distances: 1 foot, 1-3 foot. Temp, 


24-3 C., 75-7 Fabr. 
23-7 C., 74-7 Fabr. 


1 foot. 

1-3 foot. 

1 foot. 

u 0 = 3° 27' 14" 

1° 34' 55" 

O 

Temp, of magnet . . 24-0 C. 

p. = 0-00017 

0-00017 

75-2 Fahr. 



q = 0-00021 


1 ■ 3 foot. 
23-4 0. 
74-1 Fabr. 
0-00021 


tm. 

log = 8-48536 

m = 0-2224 X = Horizontal Intensity = 7-274 

2. Dip. 

1856, September 2, 10 h 45 m a.m. local time. 

Dip needle: No. 4. Temp.: 16° -6 0., 61° -9 Fabr. 

End A. 


Face to instrument 47 51-1 
Face reversed ... 48 16-0 

End B. 

O / 

Face to instrument 48 44-6 
Face reversed ... 48 33-9 


Mean a = 48 3-55 


Mean (3 = 48 39-25 


Mean of tbe dip 


_ « + P 


2 

. Dip corrected for error of needle . 


= 48 21-40 
. 48 20-52 



GROUP XI. bIlTI AND HAS6rA. 


3. Vertical Intensity 8-174 

4. Total Intensity 10-943 


No. 92. TIshing, in Has6ra. 

Latitude North. Longitude East Green. Height. 

■35° 15' 40" 74° 40' 40" 9,691 feet. 

On metamophio i-ocks. See p. 258. 

Observer: Adolphe. 

DECLINATION. 

1856, September 20, 5 h 20 m i>.M. local time. Collimator 2; Theodolite 3, Troughton; Chron. 1. 


o i 

Magnetic meridian 62 53-7 

True meridian (see p. 258) 58 36-0 


Declination East .... 417-7 


INTENSITY. 

1. Horizontal Intensity. 
A. Vibration. 


1856, September 21, 2 h 40™ p.m. local time. 
Magnet, vibrated: B 7. Temp.: 17°-0 C., 62° -6 Fahr. 
Chron. A, losing 2 s -5. 


Semiarc 


No. of vibrations 200 

beginning .... 250-5 

ending 36 

Torsion (90°) 6' 

log# = 0-26891 


Time of 1 vibration 


<1 

F 

Time of 1 vibration corr. 
log mX — 0-21427 


3" -328 
0-00021 
0-00017 
3 s -346 


B. Deflection. 


Deflection bar: A. 


1856, September 21, 4 h 45™ p.m. local time. 
Magnets: Deflecting B 7, deflected B2. 


Distances: 1 foot, 1-3 foot. 


(15-8 0., 60-4 Fahr. 
remP ‘ | 14-9 C., 58-8 Fahr. 
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MAGNETIC OBSERVATIONS. 


1 foot. 

1-3 foot. 

1 foot. 

« 0 - 3° 28' 57" 

1° 37' 21" 

Temp, of magnet . . 15 • 5 C. 

(i. = 0-00017 

0-00017 

59-9 Eahr. 

1 


q = 0-00021 


log J = 8-50706 


m = 0-2294 X = Horizontal Intensity 7-138 


2. Dit. 

1856, September 23, 9 h 0“ a.m. local time. 

Dip needle: No. 4. Temp.: 16° *5 C., 61°-7 Fahr. 

End A 


Face to instrument 48 20-7 
Face reversed ... 48 20-1 

End B. 

O / 

Face to instrument 48 28-9 


Face reversed 


48 29-1 


Mean a = 48 20-4 


Mean fi = 48 29-0 


Mean of the dip = - - = 48 24-70 


Dip corrected for error of needle 


48 23-82 


3. . Vertical Intensity 8-039 

4. Total Intensity 10-751 


c. karakorOm and kuenlOen. 

GROUP xn. 

TUKKISTiN. 

Karakorum pass.— Suget. — Sumgal. 


No. 93. Karakorum Pass, between LadJLk and TurkistIn. 

Latitude North. Longitude East Green. Height. 

35° 46' 55" 77° 30' 21" 18,341 feet. 

•Crystalline rocks. See p. 260. 

Observers: Hermann and Robert. 


1 -8 foot. 
14-6 C. 
58-3 Fabr. 
0-00021 



GROUP XH. TUEKISliN. 
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DECLINATION. 

1856, August 9, 2 h 50 m p.m. local time. Theodolite 2, Jones, and its needle; Chron. 3. 


0 / 

Magnetic meridian 289 27 >1 

True meridian (see p. 2C0) 285 53-5 

Declination East .... 3 33-6 


INTENSITY. 

1. Horizontal Intensity. 

. A. Vibration. 

1856, August 9, 3 h 55 m p.m. local time. 

Magnet vibrated: 715, induced to A 1. 1 * * Temp.: 14° • 2 C., 57° -5 lahr. 

Chron. 77, losing 0 8 ■ 5. 


No. of vibrations 

.... 150 

Time of 1 vibration . . . . 

.... 2 s -934 

| T ™” 8 

) ending 

.... 250 

.... 210 


q — 0-00020 
p. - 0-00017 

Torsion (90°) 

.... 0' 

Time of 1 vibration corr. . 

.... 2 s -944 


log mX = 

= 0-49452 



m — 0-4374 X = Horizontal Intensity — 7-140 


2. Dip. 


1850, August 9, 3 h 55 ro p.m. local time. 

Dip needle: No. 2. Temp.: 14° -2 C., 57° -5 Fahr. 

End A. 

Face to instrument 49 6-8 Memi a ^ 49 ° 9 . 4 
Face reversed ... 49 12-0 

End B. 


O / 


Face to instrument 49 24-4 
Face reversed ... 49 10-4 


Mean £ = 49 17-4 


Mean of the dip = - 49 13-40 


Dip cozTected for error of needle .... 49 .13*75 


1 During our absence from Loll, X 1 being used as deflector for observing the daily variations, we vibrated 

B 5, reducing by direct comparisons, several times repeated, the time of its vibration to the time of L 1. The m 

corresponding to Xl had been determined, and was found very well to agree, in .Tuly and in September, at Leh. 



MAGNETIC OBSERVATIONS. 


3. Yebtioal Intensity . 8-280 

4. Total Intensity 10-933 


ISTo. 95. A StJget, in TtjekistIn. 


Latitude North. 
36°* 10' 25" 


Longitude East Green. 
77° 55' 5" 


Height. 
12,960 feet. 


On the left side of the Karakash river. See p. 264. 

Observers: Hermann and Robert. 


DECLINATION. 

1856, September 1, 4 h 15 m b.h. local time. Theodolite 2, Jones, and its needle; Chron. 3. 


O / 

Magnetic meridian . 335 17-3 

True meridian (see p.266) 330 55-8 

Declination East .... 4 21-5 


Dip. 


1856, September 1, 12 h Noon local time. 

Dip needle: No. 2. Temp.: ll°-4 C., 52°-5 Fahr. 
End A. 


Face to instrument 50 7-0 
Face reversed ... 50 8-0 

End JB. 

O J 

Face to instrument 50 13-5 
Face reversed ... 50 19*5 


0 / 

Mean a = 50 7-5 


Mean {$ = 50 16-5 
a + P 


Mean of the dip = ■ - r = 50 12-0 

Dip corrected, for error of -needle .... 50 12-85 



GHtOTJJP XIX. TURKISTAN. 


No. 106 . A S^moax, in TurkistXn. 

Latitude North. Longitude East Green. Height. 

86° 8' 0" . 78° 5' 0" 13,212 feet. 

Observers: Hermann and Robert. (See p. 268.) 

INTENSITY. 

1. Horizontal Intensity. 

A. Vibration. 


1856, August 29, 4 h SCFt.m. local time. 


Magnet vibrated: B 5, reduced to LI. 1 Temp.: 12° -1 0., 53° • 9 Eahr. 

Chron. II, losing 0 B -5. 


No. of vibrations . . . 

. . . 150 

Semiarc i ‘T’” 6 ' 

. . . 250 

( ending . . . 

. . . 210 

Torsion (90°) 

0‘ 


log K S3 0- 43821 
log m = 0-4374 log 


Time of 1 vibration 2* -967 

q — 0-00020 
p, = 0-00017 

Time of 1 vibration corr. . . 2“ -978 

log mX = 0-48473 
sa Horizontal Intensity = 6-980. 


2. Dip. 


1856, August 29, 8 h 50 m a.m. local time. 

Dip needle: No. 2. Temp,: 0°-0 C., 32° -1 Fabr. 

End A. 


O / 

Face to instrument 50 0-0 
Face reversed ... 50 5-5 


O / 

Mean a = 50 2-75 


End B. 


O l 

Face to instrument 50 20-3 
Face reversed ... 49 54-3 


Mean £ = 50 7-30 


Mean of the dip — - — = 50 5-03 
Dip corrected for error of needle .... 50 5*38 


3. Vertical Intensity - -1 8-343 

4. Total Intensity 10-879 


1 See Note under Karakorum, p. 455. 
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SECTION YL 

GENERAL CONSIDERATIONS ON THE TERRESTRIAL MAGNETISM OF 
INDIA AND THE SURROUNDING COUNTRIES. 


jL materials of observations. 

I, Stations of our magnetic survey, from 1854-7. II. Survey of the Indian Archipelago, from 1845-9, by Captain 
C. M. Elliot. HI. Determinations of the declination, from 1835-49, by the Indian Navy. IV. Observations in 1833 
along the eastern coasts of India, by de Blosseville. V. Declination in Central India and Hindost&n, from 1813-28, 
by Major J. A. Hodgson. VL Average declination in Rajv&ra, 1835, by Lieutenant A. H. E. Boileau. VII. Dip 
and relative horizontal intensity from 1837-9, by F. G. Taylor and J. Caldecott. VIII. Declination and dip in 
Kashmir and Lad&k, by Major A Cunningham. IX. Historical data for secular change, a. Declination, b. Dip. 

B . CONSTRUCTION AND EXPLANATION OF THE MAGNETIC MAPS. 

The systems of: 1. the isogonic lines; 2. the isoclinal lines; 3. the isodynamic lines. 

C, RESULTS DEDUCED FROM THE ABSOLUTE DETERMINATION OF THE MAGNETIC ELEMENTS. 

I. Declination: X. Line of no declination; 2. Local disturbances; 3. Zones of greater deviations in Assam, in the 
Bhutan Himalaya, in Berma, and in the Nilgiris ; 4. Zone of most rapid change ; 5. Karakdrum and Kuenluen. 

II. Dip: 1. Tropical zone of rapid increase; 2. Regularity of isoclinal lines in general; 3. Zones of increase and 
decrease; 4. Influence of height; 5. Local deviations. 

HI. Total Intensity, a. Modifications of the isodynamic lines in India: 1. Region of great increase in Central 
India; 2. Depression along the foot of the Himalaya; 3. Physical condition of the surface of the soil, produced 
by insolation and humidity; 4. Absolute minimum total intensity; 5. Average rate of increase with latitude, 
g. Horizontal Intensity, y. Influence of height. 


A. MATERIALS OF OBSERVATIONS. 

Por facilitating the general considerations on the magnetic conditions of India 
and the surrounding countries, we present a tabular abstract of our magnetic and 
geographical stations , 1 together with a compendious enumeration of the materials 


1 On the overland route we determined the following declination and dip, 
■ completion of the series of our observations: 


the results of which we add for the 
Declination. Dip. 


0 / Of O f 

1857, May 13, Aden, Latitude North 12 46 Longitude East Green. 45 10 4 15 West 

„ „ 20 Suez, „ 29 59 „ 32 36 5 23 „ 

„ „ 25 Cairo „ 30 3 7 8 „ 

(In 1836, Captain Haines found at Aden: Declination. West. 5° 2'.) 


6 38 - 5 North 
41 10-35 „ 

41 24-38 „ 



MATERIALS OS' OBSERVATIONS. 
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known to us up to this time, of which, however, by far the greatest part will be 
found limited to the coasts only. The works from which we have collected them 
are mentioned in connection with each respective table. 

L Stations oe oue Magnetic Survey, erom 1854 to 1857, referable to the mean 

date oe January 1 , 1856. 

All observations were made either in a tent, constructed for the purpose, or in 


the open air. 


1 


Geographical Co-ordinates. 

Magnetic Elements. 

Station. 

Latitude N- 

Longitude 
East Green. 

Height. 

Declin. ] 
East, h 

Eorizon. 

atensity. 

Dip. 

North. 1 

Vertical 
ntensity. X: 

Total 

atensity. 




A. 

INDIA. 









Grout i. 

Assam and Khassia Hills. 






* 

O / // 

Engl. Eeet. 

o / 3 

33ngl. Units. 

0 / 

Bngl. Units. 3 

Engl. Units. 

1 

Dibrug&rh 

27 32 0 

94 57 35 

395 

0 46-4 

7-733 

38 30-35 

6-150 

9-882 

2 

T&zpur . 

26 34 35 

92 46 45 

239 

0 22-5 

7-758 

37 14-93 

5-898 

9-746 

3 

Udelguri 

26 45 40 

91 56 30 

352 

2 36-3 

7-740 

36 27-65 

5-719 

9-624 

4 

Gohatti 

26 5 50 

91 43 45 

134 

2 0-1 

7-784 

35 19-15 

5-513 

9-541 

5 

Cherra Punji . . . . 

25 14 15 

91 40 30 

4,164 

2 20-4 

7-869 

33 37-27 

5-231 

9*449 


Grout ii. Delta oe the Ganges and Brahmaputra. 



6 

Surajg&nj 

24 22 50 

89 43 20 

L. a.L.S. 1 



32 3-50 



7 

Dhaka 

23 42 44 

90 20 15 

L. a.L.S. 

2 21-2 


31 1-23 



8 

Ktilua 

22 45 55 

89 36 55 

L. a.L.S. 

2 30-4 


29 19-85 



9 

Calcutta 

22 33 1 

88 20 34 

L. a.L.S. 

2 25-1 

8-028 

28 14-84 

4-315 

9-113 


Group iii. Yaxley oe the Ganges and its Tributaries. 



10 

Rampur Bolea . . . 

24 21 46 

88 34 20 

54 


6-703 

32 0-77 

4-190 

7-904 

11 

Kisseng&nj 

26 6 0 

87 56 8 

140 

2 20-2 

6-690 

35 11-95 

4-719 

8-187 

12 

Patna 

25 37 12 

85 7 32 

170 

1 53-9 

7-678 

33 32-96 

5-094 

; 9-215 

13 

Sig&uli 

26 46 41 

84 44 26 

260 



85 40* 10 



14 

Ben&res 

25 18 26 

82 59 47 

325 

1 50-3 

7-822 

32 41-25 

5-020 

9-294 

15 

Lakhndu 

26 51 10 

80 55 32 

520 

2 37-4 

8-176 

35 18-55 

5-789 

10-019 

16 

AHg&rh * . 

27 53 50 

78 3 55 

760 

1 37-3 


86 58*90 



17 

Agra 

27 10 26 

78 1 39 

657 

1 20-0 





16 

} Mirath 

29 0 41 

77 41 48 

865 

1 48-4 






i L. a. L. S.’ Little above the level of the sea. 

- 58 * . 
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No. 

curr. 


Geographical Co-ordinates, 

Magnetic Elements. 

Station. 

Latitude N. ^ 

Longitude 
Hast Green. 

Height. 

Declin. 
East. ] 

dorizon. 

ntensity. 

Dip. 

North. 

Vertical 

ntensity. 

Total 

[ntensity. 



Group iv. PInjId, Sindh, and KIch. 






o / n 

O / // 

Engl. Eeet. 

o / 3 

Qngl. Unite. 

O / 

Engl. Units. 

Engl. Units. , 

19 

AmMla 

30 21 25 

76 48 49 

1,026 

2 26-2 


40 48-40 



20 

Lah<5r 

31 34 5 

74 14 37 

790 

2 2-3 

7-175 

43 17-44 

6-758 

9-856 

21 

Raulplndi 

33 36 30 

72 59 49 

1,674 

3 5-5 

6-889 

45 55-71 

7-115 

9-904 

22 

PHEto 

34 3 10 

71 33 19 

1,250 

2 27-9 

7-505 

46 25-75 

7-889 

10-889 

23 

SbAhpur 

32 14 0 

72 32 30 

680 

1 19-7 





24 

D6ra Ismael Khan . 

31 39 35 

70 56 30 

478 

0 58-2 

7-648 

44 23-47 

7-489 

10-703 

25 

Mult&n ........ 

30 10 10 

71 34 34 

480 

0 54-2 





26 

Shik&rpur 

•27 55 10 

68 51 50 

60 . 


8-000 

36 2-0 

5-820 

9-893 

27 

SSvan .... 

26 25 0 

67 56 40 

140 

0 35-0 





28 

Karrachi ....... 

24 45 30 

67 0 51 

L. a. L. S. 

0 6-0 





29 

Bhuj 

23 17 0 

69 40 0 

283 

0 12-0 

8-012 

28 25-0 

4-335 

9-109 

' 30 

Rajk6t . 

22 13 0 

71 7 0 

325 

0 13-3 







Grout 

v. Central and Southern India. 




31 

S&ger . . . : 

23 50 9 

78 43 26 

1,880 

, 


29 58-84 



32 

Jablpur 

23 9 39 

79 56 18 

1,480 

1 10- 5 

8-666 

28 31-14 

4-711 

9-863 

33 

Nagri 

20 25 25 

78 52 50 

850 


8-633 

22 49-99 

3-634 

9.367 

34 

Pajam&iidri .... . 

17 10 30 

81 46 35 

L. a. L. S. 

1 24-8 

8-817 

16 23-53 

2-590 

9-197 

35 

Madras ........ 

13 4 11 

80 13 56 

L. a. L. S. 

0 59-3 

8-023 

7 52-34 

1-114 

8-100 

36 

Bombay ....... 

18 53 30 

72 49 5 

L. a. L. S. 

0 19-1 

8-008 

19 6-6 

2-775 

S-475 

37 

Puna 

18 30 23 

73 52 8 

1,819 



19 2-25 



38 

Mahabaleshvar . . . 

17 55 25 

73 38 42 

4,396 



16 25-50 



39 

Kaladghi . . 

16 12 55 

75 29 55 

1,720 

0 30-0 


14 27-25 



40 

Bellari ........ 

15 8 57 

76 53 45 

1,580 

0 21-0 

8-641 

11 59-68 

1-838 

8-834 

41 

Utakana&nd. ... . . 

11 23 40 

76 43 10 

7,278' 

0 57-0 

8-835 

4 27-32 

0-686 

8-862 

42 

; Utatur ........ 

11 4 40 

78 51 40 

280 



2 50-08 



43 

i Galle . . . ...... 

6 2 30 

80 10 45 

L. a. L. S. 

0 41-0 

8-003 

7 40 -90S. 

. 1-077 

8-076 






MATERIALS OR OBSERVATIONS. 


461 


Ho. 

curr. 

Station. 

Geographical Co-ordinates. 

Magnbtic Elements. 

Latitude N. 

Longitude 
East Green. 

Height. 

Declin. 

East. 

Horizon. 

Intensity. 

1 

■ 

Yertical 

Intensity. 

Total 

Intensity. 




B. HIGH ASIA. 








a. 

Himalaya . 








Gitoup vi. 

Bhutan to Nepal. 







o / // 

0 / u 

Engl. '.Feet. 

o / 

Engl. Units. 

O / 

Engl. Unit*. 

Engl. Units. 

44 

Narigun 

26 53 50 

92 6 0 

3,615 

4 43-0 

7-266 

37 8 - 11 

5-502 

9-114 

45 

Darjiling 

27 3 0 

88 15 15 

7,168 

2 48-0 

6-548 

36 32-97 

4-854 

8-152 

46 

Rangit Bridge .... 

27 4 50- 

88 10 15 

3,130 


6-632 




47 

Tonglo 

27 1 50 

88 3 55 

10,080 

2 30-5 

6-872 

36 25-04 

5-068 

8-539 

48 

Faldt 

27 6 20 

87 59 0 

12,042 

2 24-8 

6-648 

36 54-96 

4-995 

8-316 

49 

Kathmandu 

27 42 5 

85 12 9 

4,350 

2 35-8 

6-922 

37 34-24 

5-326 

8-734 



* Group vii. Kamaon and 

GaUHVAJj. 




50 

Nainit&l 

29 23 34 

79 30 55 

6,409 

2 28-2 

7-707 

38 33-71 

6-144 

9-856 

51 

Mllum 

30 34 35 

79 54 49 

11,640 

2 40-3 

7-972 

40 31-91 

6-815 

10-489 

52 

Mana 

30 47 0 

79 20 50 

10,670 

2 44-9 

7-894 

41 25-24 

6-965 

10-528 

53 

Mana Pass 

31 5 0 

79 15 20 

18,852 




* 


54 

Ussflla 

31 7 40 

78 18 10 

8,940 


8-116 

42 13-24 

7-366 

10-960 

55 

Massuri 

30 28 30 

77 59 58 

7,549 


8-125 

41 15-12 

7-127 | 

10-807 



Group vui. 

Simla to 

Hazara. 





56 

Vangtu Bridge . . . 

31 37 0 

77 54 0 

4,210 



43 22-80 

: 



57 

Bampur 

31 31 0 

77 37 0 

3,215 



42 46-43 


- 

58 

Simla 

31 6 6 

77 7 36 

7,091 

2 55-5 

7-158 

42 30-0 

6-559 

9-709 

59 

Sultanpur 

31 57 50 

77 5 50 

3,830 

3 2-6 


43 52-19 



60 

Kardong : . 

32 33 50 

77 0 35 

10,233 

3 23-3 

7-821 

44 28-44 

7-679 

10-960 

61 

Srin&gger 

34 4 36 

74 48 30 

5,144 

2 59-9 

6-814 

46 58-20 

7-300 

9-986 

62 

Daver 

34 34 5 

74 46 0 

7,718 



47 41-65 



63 

Mozaferabad ..... 

34 22 25 

73 31 10 

2,220 

3 23-9 

6-660 

47 20-00 

7-226 

9-827 

64 

M&rri 

33 51 0 

73 22 40 

. 

7,260 

3 21-1 

6-686 

46 2-84 

6-935 

9-633 






m 
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lKsQf 

Station. 

. 

Geographical Co-ordinates. 

Magnetic Elements. 

Latitude 1ST. 

Longitude 
East Green. 

Height. 

Declin. 

East. 

Hortedn. 

Intensity. 


Vertical 

Intensity. 

Total 

Intensity. 


% 


b. Tibet. 

Group ix. Gnabi Kh<5rsum. 


65 

A Laptll . 

O / II 

30 46 20 

O / // 

79 52 0 

Engl. IFeet. \ 

14,304 

66 

A Giungul 

31 14 0 

79 44 40 

13,420 i 

67 

Gninsliankir ..... 

31 23 30 

80 18 0 

19,980 I 

68 

Chako La Pass . . . 

31 23 55 

80 11 0 

17,730 f 

69 

Gartok 

31 40 0 

80 18 25 

15,090 } 

70 

Dira ........ 

31 18 55 

79 32 40 

13,800 l 

71' 

Aft)i Gfcnin . . . . 

30 56 10 

79 19 30 

16,910 1 

72 

Piling ........ 

31 15 30 

79 15 40 

14,207 ] 

73 

Nelong Pass ..... 

31 7 30 

79 0 40 

18,475 ) 


Group x. Lad ax. 


74 

MM. . . 1 

31 55 35 

78 1 20 

12,421 1 

3 43-5 


44 17-83 



75 

Tsomoriri . ...... 

32 45 25 

78 16 36 

15,130 

3 9-9 


45 20-30 



76 

Tsomognalari .... 

33 39 50 

78 38 30 

14,010 

3 21-8 

6-856 

46 34-05 

7-242 

9-972 

77 

Lacba Lung Pass . . 

33 3 50 

77 35 '35 

16,750 






78 

Leh 

34 8 21 

77 14 36 

11,527 

3 22-6 

6-913 

46 52-64 

7- 381 

10-113 

79 

Padum ........ 

33 28 0 

76 54 15 

11,590 

3 40-8 


45 51-97 



80 

Dah . 

34 32 35 

76 25 5 

9,690 






81 

Sasser Pass 

35 6 0 

77 27 35 

17,753 

3 31-9 


48 17-68 



82 

Kaxgil 

34 30 0 

76 4 2 

8,845 

3 10-1 

6-830 

47 57-15 

7-574 

10-197 

83 

Dras ......... 

34 28 0 

75 43 5 

9,951 


6-922 

46 51-45 

7-386 

10-122 


Group xl Baiti and Has<5ea. 


84 

Hushe'. 

35 33 30 

76 35 20 

10,440 






85 

^Chorkonda 

35 33 20 

75 56 0 

. 13,790 

2 53-4 


48 43-25 



86 

/^ShincTiakbi Bianga 

35 56 35 

76 0 20 

13,553 






87 

Also Ka 

35 58 0 

76 3 0 

15,724 



49 18-92 



88 

Askoli ........ 

35 41 20 

75 56 0 

9,710 






89 

Chntron . 

35 44 35 

75 25 40 

8,060 






90 

Shigar 1 

35 28 35 

75 45 30 

7,537 






91 

SkarcLo 

35 20 12 

75 44 0 

7,250 

4 5-1 

7-274 

48 20-52 

8- 17'4 

10-943 

92 

Tasting ... . . . . 

35 15 40 

74 40 40 

9,691 

4' 17-7 

7-138 

48 23-82 

8-039 

10-751 
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No. 

curr. 

Station. 

Geographical Co-ordinates. 

Magnetic Elements. 

Latitude N. 

Longitude 
East Green. 

Height. 

Declin. 

East. 

Horizon. 

Intensity. 

Dip. 

North. 

Vertical 

Intensity. 

Total 

Intensity. 

* 



c. Karakorum and KuenUen. 





Group xii. Turkistan. 




O t U 

0 / // 

Engl. Feet. 

o / 

Engl. Units. 

O / 

Engl. Units. 

Engl. Units. 

93 

Karakorum Pass . . 

35 46 55 

77 30 21 

18,341 

3 33-6 

7-140 

49 13-75 

8-280 

10-933 

94 

Kiiik-Kiol 

35 40 0 

77 56 0 

15,460 






95 

ASuget 

36 10 25 

77 50 5 

12,960 

4 21-5 


50 12-35 



96 

ABtillu 

35 49 

77 31 

16,889 






97 

A Chilgane 

35 58 

77 35 

16,416 






98 

A Kissilkorum . . . 

35 57 

77 50 

17,762 






99 

AAksae Chin . . . 

35 52 

77 51 

16,620 



► 



100 

A Karakdsli valley . 

35 49 

77 51 

14,820 






101 

A Kafir D&i .... 

35 50 

78 12 

14,420 






102 

A Bashmalgun . . . 

35 50 

78 17 

14,214 






103 

A Karakasli valley . 

35 51 

78 22 

14,000 






104 

A Sikandor Mokam. 

36 3 

78 29 

13,864 






105 

A Karakask valley . 

36 8 

78 14 

13,613 






106 

A Sumgal 

36 8 

78 5 

13,212 


6-979 

50 5-38 

8-343 

10-879 

107 

A Gulbagashen . . . 

36 9 

77 45 

12,252 






108 

Elchi Davan Pass . . 

36 13 

78 7 

17,379 






109 

Bushia 

36 26 

78 19 

9,310 






110 

Klchi 

36 50 

78 20 







111 

Yarkand 

38 10 

74 0 







112 

Kashgar 

39 15 

71 50 








II. Survey of the Indian Archipelago, from 1845 to 1849, 
by Captain C. M. Elliot. 

These observations, which are contained in the Philosophical Transactions for 1851, 
seem not to require as yet a minute reduction to one common period. Parts which 
our maps have in common differ very little from his, and that not always even in 
the same way, and within the last years, the secular changes are scarcely appreciable 
for the southern parts of India. 1 


1 See pp. 280 and 298. 
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For the values of the periodical changes also no special correction is necessary; 

for Southern India in particular they could not, from their geographical position, be 

expected to be very great. Our observations, as well as Captain Elliot’s, generally 

confirm this for the period of the last ten years, though they can only be considered 

* 

as defined for some few rather isolated localities. 

Some remarks about the probable secular changes since the year 1600 will be 
given below in connection with the observations collected by Uansteen (see p. 474). 

Not being acquainted with the languages spoken in the territories examined by 
Captain Elliot, we have left his transcription unaltered. The heights are determined 
barometrically. S. L. = sea level, or a little above it; IT. = height unknown. 


Station. 

Date. 

Latitude 

North and 

South. 

Longitude 
East Green. 

Height. 

Declination 

East. 

Dip. 

Horizon- 

tal 

Intensity. 

Total 

Intensity. 








, o / // 


Engl. Units. 

Engl. Units. 


[ 

1845 

\ 




1 36 47 


8-095 

8-306 


. \ 


a 



Engl. Eeet. 

1 

o / 



Siugapur . 

J 

1846 

y 

0/11 

1 18 32 N. 

103 56 30 

S.L. 

) 

12 51-8 S. 

8-121 

8-333 


] 

1847 

l 


• 


] 

12 56-2 S. 

8-116 

8-328 


( 

1848 

) 



■ 

[l 36 15 

12 56-7 S. 

8-114 

8-326 

Pulo Peesang .... 

1846, January 

1 27 53 N. 

103 19 15 

S. L. 

1 31 7 


8-092 


Carimons ...... 


51 


0 59 22 N. 

103 27 0 

S. L. 

1 23 5 


8-077 


Pulo Booaya .... 

51 

February 

0 9 9 N. 

104 21 0 

S. L. 

1 28 49 




Lingin 

51 

15 


0 11 39 S. 

104 37 0 

S. L. 

1 19 7 


8-062 


Sarawak . . 

51 

May to July 

1 33 54 N. 

110 29 0 

U. 

1 9 40 

11 14-9 S. 

8-186 

8-346 

Sambas 

11 

July 


1 22 ON. 

109 28 0 

U. 

1 15 50 

11 31-0 S. 

8-166 

8-334 

Permanket ..... 

11 

July 


1 10 29 N. 

, 109 4 15 

S. L. 

1 9 33 

12 35-8 S. 

8-182 

8-384 

Pantianak 

11 

August 

0 1 19 S. 

109 30 0 

S. L. 

1 31 19 

12 45-0 S. 

8-125 

8-331 

Succadana 




1 15 33 S. 

109 57 0 

S. L. 

1 22 39 

17 ,2- 1 S. 

8-086 

8-457 

Batavia 

11 

Sept. 


6 9 52 S. 

106 58 0 

S. L. 

0 47 7 

27 5-4 S. 

7-897 

8-870 

Ceram 

11 

55 

29 

6 7 5 S. 

10615 0 

S. L. 

0 34 25 

27 14-2 S. 

7-850 

8-829 

An jeer 

11 

Oct. 

1 

6 2 47 S. 

106 1 0 

S. L. 

0 58 11 

26 32-0 S. 

7-887 

8-815 

Cheringin 

11 

51 

3 

6 22 5 S. 

105 46 45 

S.L. 

0 50 44 

27 34-0 S. 

7-886 

8-895 

Palambangan .... 

15 

. 51 

' 5 

6 31 OS. 

105 54 45 

TJ. 

0 59 10 

28 8-6 S. 

7-855 

8-909 

Chebiliang ...... 

15 

' 51 

7 

6 47 OS. 

105 49 15 

u. 

0 20 36 

28 41-1 S. 

7-753 

8-834 

Chelangtahan . ... 

15 

51 

.10 

6 54 OS. 

106 6 45 

TJ. 

0 13 46 

28 23-9 S. 

7-647 

8-838 

Goonong Dadap . . 

15 

11 

12 

6 28 OS. 

106 6 0 

TJ. 

0 52 57 

27 31-7 S. 

7-943 

8-958 

Woorong Groonong . 

1 71 

. 11 

15 

6 11 OS. 

106 10 0 

TJ. 

0 40 4 

27 23-2 S. 

7-916 

8-915 
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Station. 

Bate. 

Latitude 

North and 

South. 

Longitude 
East Green. 

Height. 

Declination 

East. 

Dip. 

Horizon- 

tal 

Intensity. 

Total 

Intensity. 

Tegu 




0 

/ 

// 


o 

/ 

// 

Engl. Foot. 

o 

/ 

II 

0 

/ 


Engl. Units. 

Engl. Units. 

1846, 

Nov. 

23 

6 

43 

4 

s: 

106 

58 

45 

IJ. 

0 

11 

32 

28 

45-4 

S. 

• 


Pangerango 

J7 

7? 

27 

6 

51 

0 

S. 

106 

59 

0 

u. 




29 

45-7 

S. 



Cfrunjur . 

77 

Dec. 

1 

6 

50 

8 

s. 

107 

9 

45 

u. 

1 

35 

28 , 

28 

26 •! 

s. 

7-886 

8-967 

Karang Tengga . . . 

77 

77 

4 

6 

58 

16 

s. 

106 

47 

45 

XL. 

1 

13 

18 

28 

24-1 

s. 

7-934 

9-020 

Chebranok 

77 

77 

7 

6 

57 

14 

s. 

10G 

25 

30 

S.L. 

0 

35 

9 

28 

30-8 

s.. 

7-916 

9-009 

Wyn Cooper’s Bay . 

77 

77 

8 

7 

5 

0 

s. 

106 

36 

30 

S. L. 

0 

32 

20 

29 

21-5 

s. 

7-873 

9- 033 

Chilotoe 

77 

77 

10 

7 

ii 

17 

s. 

106 

27 

0 

U. 

0 

27 

38 

28 

54-3 

s. 

7', 894 

9-017 

Pangangbahan . . . 

77 

77 

11 

7 

30 

37 

s. 

106 

19 

0 

u. 

0 

10 

5 

29 

44-4 

s. 

7-907 

9-106 

Mooaro Chikasso . . 

77 

77 

13 

7 

28 

0 

s. 

106 

38 

0 

S. L. 

0 

13 

14 

30 

8-3 

s. 

7-817 

9-039 

Sidang Barang . . . 

77 

77 

15 

7 

30 

0 

s. 

107 

10 

0 

u. 

0 

5 

13 

30 

15-0 

s. 

7-781 

9-007 

Pejong Petaii' .... 

77 

77 

16 

7 

13 

36 

s. 

107 

2 

0 

u. 

0 

16 

23 

29 

36-5 

s. 

7-924 

9-113 

Bandong 

77 

77 

21 

6 

55 

44 

s. 

107 

40 

30 

u. 

0 

26 

23 

28 

34-4 

s. 

7-939 

9-040 

Garoet 

77 

77 

24 

7 

13 

54 

s. 

107 

55 

0 

u. 

0 

25 

21 

29 

1-5 

s. 

7-925 

9-060 

Permangpek 

77 

77 

29 

7 

39 

23 

s. 

107 

45 

15 

u. 

0 

20 

20 

30 

14-8, 

s. 

7-826 

9-059 

Cherugnuktok .... 

1847, 

Jail. 

1 

7 

38 

25 

s. 

108 

9 

45 

u. 

0 

18 

13 

30 

10-9 

s. 

7-894 

9-132 

Kalipoocben 

>7 

77 

6 

7 

39 

2 

s. 

108 

52 

30 

S. L. 

0 

57 

46 

29 

53-9 

s. 

7-907 

9-121 

Banjeer 

77 

77 

8 

7 

23 

8 

s. 

108 

42 

0 

u. 

0 

27 

59 

29 

9-9 

s. 



Chawee 

77 

77 

10 

7 

9 

34 

s. 

108 

23 

0 

u. 

0 

33 

23 

28 

41-9 

s. 

7-953 

9-066 

Samadang 

77 

77 

12 

6 

51 

14 

s. 

*108 

4 

45 

u. 

0 

30 

24 

28 

0-2 

s. 

7-948 

9-002 

Cheribon. 

77 

77 

14 

0 

43 

34 

s. 

108 

42 

0 

S.L. 

0 

31 

41 

27 

52-0 

s. 



Indramayu 

77 

77 

18 

6 

19 

35 

s. 

108 

25 

45 

S.L. 

0 

41 

5 

27 

30-9 

s. 

7-944 

8.-957 

Tegal 

77 

77 

26 

6 

51 

57 

s. 

109 

15 

30 

S.L. 

0 

37 

59 • 

28 

5-1 

s. 

7-950 

9-010 

Samarang 

77 

77 

30 

6 

59 

42 

s. 

110 

30 

45 

S. L. 

0 

23 

51 

27 

4-6 

s. 

7-937 

8-915 

Japara 

77 

Feb. 

2 

6 

36 

7 

s. 

110 

38 

15 

S. L. 

0 

24 

55 

27 

29-9 

s. 

7-964 

8-978 

Ainbarawa 

77 

77 

5 

7 

16 

8 

s. 

110 

28 

45 

U. 

0 

33 

17 

29 

27-7 

s. 

7-963 

9-146 

Balembang 

77 

77 

10 

7 

24 

0 

s. 

110 

37 

0 

u. 




29 

2-4 

s. 



Solo 

77 

77 

13 

7 

35 

0 

s. 

110 

53 

30 

u. 

0 

35 

59 

29 

12-7 

s. 

7-958 

9-118 

Nyjawee 

77 

77 

15 

7 

23 

52 

s. 

111 

29 

15 

u. 

0 

29 

25 

28 

59-9 

s. 

8-040 

9-193 

Bankawa, Solo river 

77 

77 

22 

7 

0 

26 

s. 

112 

21 

0 

u. 

0 

28 

38 

27 

47 -3 

s. 

8-025 

9-072 

Soorabaya 

77 

77 

25 

7 

16 

1 

s. 

112 

44 

30 

S. L. 

0 

51 

55 

28 

53-0 

s. 

8-075 

9-222 

Sumeuap 

77 

March 

7 

0 

20 

s. 

113 

51 

15 

S. L. 

0 

44 

15 

27 

45-8 

s. 

8-048 

9-096 

Pnlo Iiuneeang . . . 

77 

April 


6 

51 

32 

s. 

115 

16 

30 

S. L. 

0 

32 

7 

27 

25-6 

s. 

8-064 

9-086 

Bezooki 

77 

77 

26 

7 

43 

29 

s. 

113 

42 

45 

S. L. 

0 

29 

59 

27 

7-5 

s. 

8-011 

9-000 

Kedeeri 

77 

May 


7 

48 

29 

s. 

112 

0 

0 

U. 

0 

28 

28 

29 

52-2 

s. 

7-905 

9-115 

Patchitan 

77 

77 

21 

• 8 

12 

56 

s. 

111 

5 

30 

S.L. 

0 

19 

32 

30 

36-0 

s. 

7-887 

9-163 

Munoori 

77 

June 

1 

7 

35 

22 

s. 

110 

4 

0 

U. 

0 

18 

18 

29 

20-5 

s. 

7-960 

9-130 


i. 


59 
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Station, 

Date. 

Latitude 

North and 

South. 

Longitude 
East Green. 

’ 

' Height. 

Declination 

East. 

Dip. 

Horizon- 

tal 

Intensity. 

Total 

Intensity. 

* . 



* 

0 / // 

0 / // 

Engl. Eeet, 

0 / U 

o / 

Engl. Units. 

Engl. Units. 

Karang Bolong ... 

1847 

, June 

6 

7 45 44 S. 

109 27 0 

S. L. 

0 32 13 

29 55-9 S. 

7-935 

9-157 

ChUsLchap ...... 

51 

ii 

9 

7 44 29 S. 

108 57 15 

S. L. 

0 36 57 

29 45-8 S. 

7-915 

9-118 

Aji Barang 

51 

51 

12 

2 24 49 S. 

109 3 30 

U. 

0 54 38 

27 22-1 S. 



Kandang Aur .... 

15 

11 

25 

6 23 46 S. 

108 4 30 

S. L. 

0 18 13 


7-944 


Lampongs 

11 

August 


5 26 12 S. 

105 20 15 

S. L. 

1 12 30 

26 15-7 S. 

7-. 916 

8-827 

Bencoolen ...... 

55 

September 

3 53 54 S. 

102 28 45 

S. L. 

1 5 9 

23 54-0 S. 

7-913 

8-655 

Padang . 

11 

October 

0 58 58 S. 

100 31 15 

S. L. 

1 24 26 

18 32-2 S. 

7-962 

8-397 

Solok 

15 

Nor. 1 & 2 

0 47 5 S. 

100 55 45 

1232 

1 39 5 

17 50-8 S. 



Sijongong ...... 

1) 

ii 

5 

0 41 47 S. 

101 19 30 

458 

1 21 38 

17 49-8 S. 



Bua Panjang . . . . 

1) 

55 ' 

8 

0 28 9 S. 

101 8 0 

TJ. 

1 22 29 

17 11-4 S. 



Payacombo 

15 

11 

10 

0 13 16 S. 

101 4 45 

1631 

1 29 46 

16 38-2 S. 



Fort Vande Capellen 

11 

11 

11 

0 27.34 S. 

101 3 0 

TJ. 

1 28 13 

17 12-3 S. 



Padang Panjang . . 

51 

51 

14 

0 22 OS. 

100 42 30 

2559 

1 33 30 

17 47-5 S. 



Fort de Kock . . . 

11 

51 

16 

0 13 OS. 

100 27 15 

3043 

1 9 23 

16 59-6 S. 



Menindjo 

11 

11 

17 

013 OS. 

100 14 0 

1492 

1 31 48 

17 0-8 S. 



Balembangan .... 

11 

11 

18 

0 11 44 S. 

100 10 15 

2583 

1 36 39 

16 47-3 S. 



Peesang 

11 

11 

19 

0 7 55 S. 

100 12 0 

U. 

1 46 33 

16 33-4 S. 



Bonjol 

51 

IV 

20 

0 0 52 S. 

100 13 30 

650 

1 35 30 

16 38-5 S. 



Loobisitapping . . . 

51 

51 

21 

0 6 55 N. 

• 

1475 


16 8-3 S. 



Batoo Bedindi . . . 

11 

11 

22 

0 16 ON. 

! 

909 

1 35 45 

15 49-2 S. 



Lender 

11 

11 

28 

0 24 24 N. 

100 4 0 

695 


15 35-2 S. 



Ran ......... 

51 

' „ 24 & 25 

0 33 7 N. 

99 56 45 

848 

1 37 27 

15 37-4 S. 



Pionghay 

11 

11 

26 

0 36 19 N. 

99 52 15 

1756 

1 38 49 

15 50-2 S. 



Batong ........ 

11 

11 

27 

0 39 ON. 

99 47 15 

1941 


15 41-5 S. 



Kotanopan ..... 

’ 15 

11 

28 

0 42 0 N.‘ 

99 42 45 

1420 

1 34 30 

15 19-9 S. 



Tana Batoo 

11 

51 

29 

0 4426 N. 

99 30 45 

1707 


15 3-1 S. 



Fort Elont 

11 

Dec. 

1 

0 50 56 N. 

99 32 20 

680 

1 43 35 

14 48-1 S. 



Singalangan 

11 

ii 

3 

1 14 48 N. 


U. 


14 11-9 S. 



Padang Sidompang 

11 

.* ii 

6 

1 22 33 N. 

99 22 45 

928 


13 47-0 S. 



Sibogha 

55 

„ 12 to 16 

1 44 42 N. 

98 56 15 

S. L. 

140 38 

13 2-5 S. 



Baros 

11 

’ „ 19 to 20 

2 0 51 N. 

98 31 30 

S. L. 

1 16 42 

12 58-0 S. 



Sinkel 

11 

„ 23 to 25 

2 16 37 N. 

97 51 35 

S. L. 

1 34 8 

12 23-5 S. 



Goonong Satoolie, ) 











Pnlonias ) 

15 

11 

31 

1 17 35 N. 

97 40 50 

S.L. 

1 43 38 

14 5-8 S. 



Natal 

1848,Jan.l0tol3 

0 33 44 N. 

99 20 15 

S.L. 

• 128 8 

15 32-4 S. 



Mount Ophir, Malacca 

11 

March 

28 

2 22 ON. 

102 38 0 

■ TJ. 


9 55*1 S. 

8-255 

8-380 
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Station. 

Date. 

Latitude 

North and 

South. 

Longitude 
East Green. 

Height. 

Declination 

East. 

Dip. 

Horizon- 
tal • 
Intensity. 

Total 

Intensity. 





0 

/ 

U 


0 

/ 

// 

Engl. Eeet. 

O 

• 

/ 

II 

0 

/ 



Engl. Units. 

Engl. Units 

Pulo Labooan .... 

1848, May 3 

to 5 

5 

16 

59 

N. 

115 

18 

15 

S. L. 

i 

36 

27 

2 

51- 

6 

S. 

8-240 

8-250 

Sambooanga .... 

n 

„ 25& 26 

6 

54 

20 

N. 

122 

13 

45 

S. L. 

i 

15 

24 

1 

18 

2 

N. 

8-162 

8-164 

Keemah 


June 

21 

1 

21 

55 

N. 

125 

7 

59 

S. L. 

1 

39 

47 

11 

1 

4 

S. 

8-253 

8-408 

Tondano 


ii 

27 

1 

17 

31 

N. 

124 

50 

11 

2240 

i 

7 

37 

10 

54 

3 

S. 



Manado . 

n 

ii 

29 

1 

29 

11 

N. 

124 

51 

11 

S.L. 

1 

26 

16 

10 

43 

6 

S. 



Cocos 

n 

Aug. & Sept. 

12 

5 

38 

S. 

96 

50 

30 

S. L. 

i 

10 

42 W. 

39 

18 

5 

S. 

7-275 

9-400 

Malacca 

1849, Jan. 

2 

2 

11 

19 

N. 

102 

17 

0 

S. L. 

1 

50 

24 

11 

25 

2 

s. 

8-114 

8-278 

Pulo Dinding .... 

ii 

11 

10 

4 

12 

47 

N. 

100 

32 

52 

S. L. 

i 

48 

34 

. 7 

31 

2 

s. 

8-117 

8-187 

Pulo Penang .... 

!■» 

11 

20 

5 

25 

36 

N. 

100 

24 

38 

S. L. 

i 

48 

48 

4 

52 

8 

s. 

8-159 

8- 189 

Nicobar 

11 

Feb. 5 to 12 

9 

10 

12 

N. 

92 

48 

23 

S. L. 

i 

53 

21 

1 

14 

8 

N. 

8-155 

8-157 

Noncowry Harbour 

11 

11 

17 

8 

1 

42 

N. 

93 

39 

20 

U. 




0 

54 

4 

s. 



Bompoko 

11 

11 

19 

8 

14 

5 

N. 

93 

19 

20 

S. L. 




0 

22 

9 

s. 



Hastings’ Island . . 

11 

March 

26 

10 

6 

45 

N. 

98 

21 

15 

S. L. 

2 

13 

10 

4 

19 

0 

N. 

8-177 

8-200 

MoulmSn 

11 

April 


16 

29 

46 

N. 

97 

45 

30 

S. L. 

2 

20 

25 

17 

45 

6 

N. 

8-119 

8-525 

Madras 

11 

July & Aug. 

13 

4 

11 

N. 

80 

13 

56 

S. L. 

0 

56 

8 

7 

34 

2 

N. 

8-078 

8-149 


III. Determination oe the Declination, from 1834 to 1849, 

by the Indian Navy. 

The originals of these observations are deposited in the Records of the Admiralty 
Office. Though not all of equal accuracy, they form altogether a very interesting 
sei'ies for showing the gradual change of the declination along the Indian coasts. 
A few observations, extracted from various sources, have been added by us. 


59 * 
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MAGNETIC 0B9EUTATI0NS. 


A. Western Coast of India. 


Station. 

Latitude N. 

Long. E. Gr. 

Year. 

Declination East. 


0 / 

o t 


O / 

K&rr&chi 1 • 

24 46 

67 1 \ 


0 17 

Mamtra* . 

three miles south of Kaxrachi. 


0 30 

Vari Creek 8 .... 

23 52 

67 49 J 


0 12 

Lalchatta Tomb 3 . 

23 47 

■ 68 36 1 


1 12 . 

Mouth of Sir River 8 

23 38 

68 5 f 


0 24 

Kear MfandaPomt 3 

23 36 

68 22 \ 

1848-9 

0 51 

Ner&m Creek 3 . . . 

23 23 

68 25 ( 


0 18 

J&ku Swamp 8 . . . 

23 7 

68 37 l 


0 29 

Abdullah Shah 2 . 

22 55 

69 0 1 


0 43 

Tomb 2 

22 58 

70 1 


1 27 

Surat a 

21 6 

72 57 , 


1 0 

KalikAt 4 

11 15 

75 45 j 


0 25 


/ 8 40 

78 30 / 


0 51 


( 


1846 


Teunevelli Coast 5 . 

j 8 25 

78 25 ( 


1 58 


( 8 0 

77 50 ) 


0 10 

Trivandram 6 . . . . 

8 29 1 

76 56 


O 3 

(Dip 1° 55' South) 






1 W. A. Fenner, Acting Master. 

3 Lieutenant Grieve. 

6 Surveyor Franklin. 


Observers. 

2 Commander C. D. Campbell. 

4 Lieutenant Montrion. 

8 LA. Broun, in Journal of the Trivandram Society, 1855. 
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B. Ceylon and South and East Coast of India. 


Station. 

Latitude N. 

Long’. E. Gr. 

Year. 

Declination. 


0 / 

0 / 


o / 

Adrampatam 1 

10 17 

79 22 

1838 

1 20 E. 

Palks’ Strait 1 

10 5 

79 35 

1838 

1 20 E. 

Western Side of Palks’ Strait 

9 45 

79 30 

1838 

0 30 E. 

Delft Island 1 

9 30 

79 48 

1838 

. 1 40 E. 

Palks’ Strait 1 

9 30 

79 18 

1838 

0 30 E. 

Paumben , 2 Ceylon 

9 21 

79 9 

1837 

0 35 W. 

Palks’ Strait 1 

9 3 

78 35 

1838 

0 51 E. 

Man&r, Palks’ Strait .... 

9 5 

79 55 

1845 

1 4E. 

Juttikorin 

8 48 

78 8 

1842 

0 51 E. 

Koelramalai 3 

. 8 32 

79 50 

1845 

1 15 E. 

Trichendor 3 

8 30 

78 8 

1842 

1 58 E. 

Near Cape Komorfn 1 . . . . 

8 3 

77 35 

1843 

1 10 E. 

Mutokb&ndi 1 

7 41 

79 44 

1844 

0 13 E. 

Ceylon, West Coast 2 .... 

6 15 

80 10 

1839 

1 15 E. 

Koringa Bay 4 

16 45 

82 15 

1848 

0 50 E. 




1827 

2 34 E. 

Calcutta 6 . 

22 33 

88 21 • 

1828 

2 41 E. 




1829 

2 24 E. 

Silhet 6 

24 53 

91 47 

1825 

2 29 E. 



Observers. 


1 Powell and Ethersey. 

2 Powell. 

8 Franklin. 

4 Fell. 

5 J. A. Hodgson (Surveyor General). 

6 Fisher. 


IV. Observations in 1833, along the Eastern Coasts oe India, 

bv De Blosseville. 

The declination, was not yet determined hy collimator magnets, but by two 
needles ; the meridian by a Borda’s circle. The dip circle used was particularly deli- 
cate. See Asiatic Besearches, Vol XVIII., part II., p. 4. 




MAGNETIC OBSERVATIONS. 


Station. 

Latitude N, 

Long. E. G r. 

Declination East, 

Dip. 


0 / 

o / 

0 / // 

o / // 

Chandernagor . . . 

22 50 

88 23 

2 39 52 

26 47 3 N. 

Calcutta ...... 

22 S3 

88 21 

2 38 5 

26 32 38 N. 

Pondisherri .... 

11 58 

79 54 

1 2 13 

3 46 ON. 

Karik&l. . ..... 

11 5 

79 56 

114 1 


Jafaapatam .... 

9 32 

80 3 

1 16 0 

0 39 45 S. 

Aripo ........ 

8 27 

80 1 


2 17 34 S. 

TriukomaH 

8 42 

81 9 

1 8 5 

3 34 10 S. 

Rangiin ....... 

16 46 

96 17 

0 49 52 

17 51 47 N. 

Batavia . ...... 

. 

6 10 S- 

106 58 

0 31 8 

25 50 1 S. 


Y. Declination in Central India and HindostIn, prom 1813 to 1828, 
by J. A. Hodgson, Surveyor General. 

This table, taken from the Asiatic Researches, Yol. XYDX, part H., p. 10, does 
not seem to be of equal accuracy throughout for the declination. The values, how- 
ever, are given as they originally appeared. 


Station. 

Year of 

Observation. 

Latitude N. 

Long. E. Gr. 

Declination East. 

Bhopal 

1828 

o . / 

23 16 

0 / 

77 22 

o / 

0 39 

n 

0 

Sironj 

1828 

24 9 

77 39 

0 57 

0 

NauagatL 

1323 

25 56 

79 32 

1 19 

0 

Dholpur 

1823 

26 45 

77 55 

1 25 

0 

Agra 

1823 

27 10 

78 2 

1 23 

0 

Sukit 

1813 

27 21 

. 78 47 

0 42 

0 

KOel . 

1813 

27 53 

78 3 

0 59 

0 

Bir&irii ..... 

1813 

28 27 

79 23 

0 44 

0 

Kashipur .... 

1817 

29 12 , 

78 58 

0 47 

15 

Sukertal 

1813 

29 20 

78 0 

1 6 

0 

Goverdhanpur . 

1816 

29 41 

78 0 

0 40 

0 

Chandi PaMr . 

1813 

29 55 


0 37 

0 

Saharanpur . . . 

1816 

29 57 

77 33 

0 54 

0 

D6ra Dun .... 

1813 

30 19 

78 1 

0 18 

8 

Mohen 

1816 

• 30 33 

77 54 

0 30 

0 

Clntr Station. . 

. 1816 

30 51 

77 29 

0 50 

1 

50 

— 
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VI. Average Declination in BajvIra, 1835, 
by Lieutenant A. H. E. Boileab. 

lieutenant Boileau’s interesting book, “Personal Narrative of a Tour through the 
Western States of Bajvara, in 1834 and 1835, Calcutta, Baptist Mission Press,” con- 
tains, pp. 302 to .128, some declinations determined with the needle of a theodolite. 
The latitude* ,m * directly determined by the writer, the longitudes we have taken 
from hi« map. 


Y 

Dntt*. 

Station, 

Latitude N. 

Long. E. Gr. 

Declination 

East. 

11*11 

Oct. 13 

Camp Janth . . 

0 1 a 

28 15 21 

70 3 30 

0 / 

1 2 

ih:m 

„ 27 

GampPiragptira 

27 36 30 


0 36 

ikh 

Nov. 5 

Bambhar .... 

26 54 53 

72 0 0 

0 57 

|h:$i 

« 


11 11 51 

11 1? 15 

1 16 

1 h:i;. ; 

.Jan. 8 

Singhana .... 

28 4 33 


1 1 

| 1 *a;» : 

Feb. 1 

tidopur 

27 43 26 

75 37 0 

1 8 

i 1 Ki:> 

j 

May 25 

Plialodi ..... 

27 8 21 

72 25 15 

0 32 

| 1 h:i:* 

i 

Juno 3 

Bhfo . 

26 11 31 

71 18 30 

0 32 


Lieutemmt Hoiloau himself concludes, p. 327, with the following remarks: “As the 

observations difler considerably among themselves, owing to the difhculty of accurately 

adjusting t he needle of so small an instrument as a 3 l /a inch theodolite, they are here 

collected into one place that their mean may be taken as the true magnetic declination 

in the upper parts of Bajvara, in about 

Latitude N. Long. E. Gr. Mean Decimation. 

750 0 ' 0 ° 52' East.” 


‘27° O' 
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MAGNETIC OBSERVATIONS. 


VTL Dip and Relative Horizontal Intensity, from 1837 to 1839, 

by 3?. G-. Taylor and J. Caldecott. 

* 

These observations are contained in the Madras Journal of Literature and Science, 
1839. The transcription, with few exceptions, is left unaltered; the longitudes are 
referred to the Madras longitude of 80° 14'. 


Station. 

Latitude IT. 

liong. E. Gr, 

Dip. 

Relative 

Horizontal 

Intensity. 

Ongole - 

0 / 

15 30 

0 1 

80 2 

O l u 

11 36 40 N. 

0-9868 

Uamapatan 

15 S 

80 3 

10 44 14 N. 

0-9834 

AJMr 

14 41 

80 4 

10 18 46 N. 

.0-9804 

Mir 

14 28 

79 59 

9 41 16 N. 

0-9886 

Woogilly 

14 1 

79 55 

8 49 20 N. 

0-9903 

Sooloorpet 

13 41 

80 0 

8 11 17 N. 

0-9830 

Poodway 

13 21 

80 8 

7 16 46 N. 

0-9913 

Madras 

13 4 

80 14 

6 50 4 N. 

1-0000 

Sadras 

12 32 

80 9 

5 31 23 % 

1-0072 

Allumparva 

12 14 

79 59 

4 50 16 N. 

0-9929 

Pondiskerri 

11 56 

79 49 

4 27 12 N. 

0-9972 

1 Porto Novo 

11 29 

79 45 

3 6 15 N. 

0-9962 

Sheally 

11 16 

79.47 

2 28 13 N. 

0-9936 

Kalik&t. 

11 15 

75 45 

2 42 43 N. 

0-9942 

Tranquetar 

11 1 

79 52 

2 5 17 N. 

0-9937 

Penaney 

10 47 

75 55 

1 11 25 N. 

0-9956 

Negapatam 

10 46 

79 48 

1 42 10 N. 

0-9958 

Manargoody . . 

10 40 

79 29 

| 0 39 8 N. 
11 3 38 N. 

0-9773 

Chetwaye ' 

10 32 

76 1 

1 12 34 N. 

0-9880 

Puttoocotah . 

10 27 

79 20 

0 55 ON. 

0-9746 

Munamelegoody . 

10 3 

79 12 

0 10 34 N. 

0-9826 

Balghatty 

9 59 

76 14 

0 18 46 N. 

0-9929 

Kalehennary . 

9 40 

78 57 

0 6 22 N. 

0-9820 

AUepee 

9.81 

76 18 


0-9769 

Pamnad . 

9 22 

78 51 

1 24 42 S. 

0-9775 

Paumben 

9 21 

79 9 

1 35 30 S. 

0-9953 

Carryshandy 

9 11 

78 24 

1 51 52 S. 

0-9745 

Vadinatrum 

8 57 

78 P 

1 33 57 S. 

0-9730 

Quilon 

8 54 

76 40 

2 21 35 8. 

0-9762 

Powani 

8 49 

77 54 

2 46 10 S. 

0-9763 

Tutocoria 

8 48 

78 11 

2 37 42 S. 

0-9955 

Palamcottah . 

8-44 

77 45 

2 46 IS. 

0-9869 

TriySndram . 

8 29 

76 56 

3 15 24 S. 

0-9863 

Nagracoil 

8 11 . 

77 25 

3 53 3 S. 

0-9898 
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The preceding observations along the coast of Southern India were chiefly made 
to determine the position of the 'magnetic equator and the intensity along this line. 

Messrs. Taylor and Caldecott determined the following three points of the mag netic 
equator: 

Latitude North. Longitude East Green. 


O / U 

9 37 28 
9 5(i 46 
10 1 51 


O / // 

80 6 47 
79 27 23 
77 3 38 


Our own observations, referred to January 1,. 1856, though differing very little 
for the position of the magnetic equator, give (as also do the lines on Captain Elliot’s 
maps, 1848) decidedly greater inclinations for the latitudes at some distance north of 
the magnetic equator. 

Taylor and Caldecott themselves often find uncertainties of more than 30'. 

The relative horizontal intensity referred to Madras (~ 1) will nearly represent 
the absolute values for 1856, if multiplied with 8 , 023. 1 


VIII. Declination and Dip in KashmIr and LadXk, in 1847, 
by Major A. Cunning ham. 

These values, the first determined in these regions, are contained in his “Ladak”, 
London, 1854. No data in reference to the instruments, or the method of observation, 
are given. For the intensity no results can be deduced, the readings being given of the 
vibrations only, and being besides unconnected by any observations with India. 


Station. 

Latitude N. 

Long. E. Gr. 

Declination. 

Dip. 



0 / 

O / 

O / // 

0 / It 

Srin&gger, capital of Kashmir 

34 5 

74 49 

2 44 29-96 

46 39 39 

Lara, in Spiti 


32 9 

79 9 


43 36 52 

Hanle ) 


32 48 

78 56 


44 28 22 

Raldang > in liukchu . . . < 


33 14 

78 27 


44 52 0 

Puga : . ) 


33 12 

78 25 


45 10 24 

Lfch ) 


34 8 

77 15 

2 46 52-Ofl 

46 43 9 

life Ladak. . . . 
Mulhe ) 

! 

34 20 

76 7 

2 44 29-10 

46 56 24 


1 Campurc our values for Madras, p. 386. 


I. 
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magnetic observations 


nr Historical Data toe Secular Change. 

The old observations on declination and dip; made since the beginning of the 
17th century, we chiefly collected from the important work of Christopher Hansteen 
“Untersuehungen fiber den Magnetismus der Erde.” Christiania, 1819. Though the 
editor, with his well known scientific accuracy, points out (p. 141) that observations 
made in so remote a period cannot be directly compared, in respect ot accuracy, with 
the results obtained by the present improved instruments, yet the materials are of quite 
sufficient accuracy to deserve, by the importance of the object,' our full attention. 

e may avail ourselves of this occasion to remark that the few, but careful, 
observations of the East India Company’s merchantmen furnished, with few exceptions, 
the first positive materials 1 which suggested to Halley’s genius, that the admission of 
four, instead of two, maxima of forces alone allows of a satisfactory theory of the 
magnetic phenomena. These early contributions, due to a body which has added to 
the lustre of its political importance by unremitting attention to the interests of 
science and literature, formed the basis of Halley’s fundamental work, “Theory of the 
Variation of the Magnetical Compass”. Philosophical Transactions, Vol. XHI., 1683. 2 

We have brought into a geographical arrangement the old observations, from the 
beginning of the 17th up to the end of the 18th century, which, though covering a 
vast extent, are limited to points of the sea shore. In another column will be found 
the values of our own observations, deduced from our maps for the same places. 

Corrections for periodical changes, instrumental errors, &c., could not be applied; 
but the latitudes and longitudes we corrected from the most recent charts. We also 
took means, when more than one observation was made within a short distance of 
time. The diagrams to illustrate these secular changes are contained on our magnetic 
maps, and drawn on a small scale, which allows all the materials to be compared at 
one glance. 

For the declination in 1800, the reference to the more recent materials enables 
us considerably to modify Hansteen’s views of the lines for those regions. 

1 Similar observations of the earlier periods may "be still contained in the official naval records, deposited in 
the Marine Department of i£e India House. 

2 Amongst his successors we mention the well known observations and great works of Humboldt, Gauss and 
Weber, Sabine, Kupffer, &e.*, and as boohs of more general reference, not without special interest for many scientific 
gentlemen in India: Humboldt’s Cosmos, Yol. IV., 1858, Herschel’s Admiralty Manual, Lamont’s Handbuch des 
Magnetismus, 184=9, and Babinet’s Memoires dans la Revue des Deux Monies, Yds. 7 and 8 (1857), “De Paimant 
et du magnetisme ^63^68^6.” 
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Ihwfhutthm on the Coasts of India, and in 

from 1600 to 1856. 




Latitude 

Longitude 

Declination. 

^*4it t ion unil Oitm’m*!*. 

North. 

East Green. 

17th Century. 

Decl. West. 

18th Century. 

Decl. West. 

1856, 

Schlagintweii 
Decl East 


1. West Coast of India. 


! till ; 


Su fit i : 






I It* its : 

i 

ii t MiittHl : 

j 

j 1 >.i I>*t 1 : 

IS jtjst j mu*: 


< *i\i i : 

:i A n< : 

>! Kitrvar Huy: 

K« **•!»» «> = 

A nJtVniso: 



o i n 

O / II 

0 / 


Pit j ft on 

l 2l> 42 

70 52 

1613; 16 45 


i Jh'St 



1611; 16 23 


) Jloners 

21 <i 

72 57 

1612; 16 50 


j Mathews 




1722; 5 50 

f Mathews 




1723; 5 40 

\ Hist 

20 21 

72 55 

1612; 16 80 


t Hr* t 



1676; 12 0 


| Mathews 




1721; 5 14 

\ Mathews 

IS 54 

72 49 


1722; 5 7 

f Mathews 


• 


1723; 5 10 

Mathews 

IM 40 

72 52 


1721; 5 27 

\ then at nn 

17 22 

74 2 

1610; 15 34 


t Daunt on 



1611; 16 30 


Mathews 

111 50 

75 10 



, Aten is ins 



1609; 16 0 






1706; 6 40 

Mathews 

15 25 

75 46 


1722; 4 57 

/ Mathews 




1723; 5 8 

Mathews 




1724; 5 41 

Mathews 

15 20 

75 45 


1722; 5.49 

« M tit hews \ 




1722; 522 

\ Mathews j 

15 0 

73 50 


1723; 5 8 

f Mathews 




1724; 5 41 

[ Mathews 

12 52 

74 49 


1722; 5 30 

f Mathews 




1723; 5 5 

Mathews 

11 45 

75 28 


1722; 4 12 

i Print} 



1614; 15 0 


) Nor! 

0 58 

76 14 


1706; 6 20 

i Ma t h e ws 




1722; 3 43 

Mathews 




1724; 3 51 

\ Mathews 

8 41 

70 46 


1724; 4 17 

i f Panton 




1776; 1 12 


0 11 
0 27 

0 22 

0 19 

0 19 
0 17 
0 17 

0 18 

0 19 
0 19 

0 20 
0 21 

0 23 

0 21 
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Declination. 

Station and Observer. 

Latitude 
North. H 

Longitude ” 
last Green. 

17th Century. 

Decl. West. 

18th Century. ^ 

Decl. WeBt. 

1856, 

jchlagintweit. 

Decl. East. 



2. 

Bay or Bengal. 




* 

Ava: Duchats 

o / 

21 0 

96 20 

1689; 5 0 



o / 

Calcutta: Mathews 

22 33 

88 21 


1722; 

4 7 

1 54 






( 1731; 

3 0 







1 1735; 

2 0 


Chandernagor: Boudier 

22 50 

88 23 


| 1743; 

] 1745; 

1 20 

1 0 

2 20 






/ 1747; 

0 0 







1 1750; 

0 0 


Balasor: 

Mathews 

21 30 

86 55 

1680; 8 20 



2 1 

Pt. Palmyras: 

Mathews 

20 43 j 

87 3 


1722; 

3 33 

2 0 



3. KOROMANDEL COAST AND CEYLON. 




Masulipatam: 

Hippon 

0 / 

16 10 

O I 

81 10 

1610; 12 22 



0 / 

1 12 

Petapolli: | 

Hippon 

Marlowe 

16 11 

81 7 

1611; 12 35 
1613; 13 10 



1 12 

, 



- 

1680; 8 10 


o / 

2 52 


Madras: j 

Mathews 

13 4 ' 

80 14 


1722; 

0 50 -5 

( 

Mathews 




1723; 

3 16 


Pondicherri: 

Bichaud 

11 56 

79 49 

1689; 7 0 



0 57 

■ 

Davis 



1601; 16 0 




I 

Best 



1612; 14 15 




Cape Komorfn: 

) Bonners 

8 5 

77 37 

1620; 14 20 
1680; 8 45 



24 





1688; 7 30 





{ Mathews 




1723; 

2 54 


Freyers Hood: 

Mathews 




1722; 

2 16 


Gffle: . ’ 

j Castleton 
\ Mathews 

6 3 

80 11 

1613; 13 24 

1723; 

2 45 

0 41 
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Latitude 

Longitude 
Bast Green. 

Declination. 

Station and Observer. 

• 

North and 

South. 

17th Century. 

18th Century. 

1847, Elliot’s 
Survey. 







Decl. East. 



4. Indian Archipelago. 



Nicobar: 

Davis 

9 10 N. 

O l 

92 48 

1605; 7 5 W. 

i 

0 / 

1 53 

Pulo Kondor: 

| Dales 
( Cook 

8 40 N. 

IOC 19 

1G20; 10W. 

1780; 0 14 W. 


Achin : 

Davis 

5 22 N. 

95 34 

1610; 6 25 W. 


1 47 

Priaman: 

( Marlowe 
( (Jastteton 

0 45 8. 

99 43 

1612; 4 10 W. 
1613; 4 50 W. 


1 32 

Marlborough 

l Macdonald 

3 45 S. 

101 50 


1794; 1 10 E. 


Fort: 

\ Macdonald 




1795; 1 8 E. 


Banka Island: 

Mareliaud 

3 0 8. 

IOC 2 


1791; 0 0 

1 16 

Sunda Strait: 

Mil word 

0 15 8. 

10 50 

1615; 3 30 W. 


0 38 

Batavia: 

^ Wallis 

1 Carteret 

<> 10 8. 

10C 58 


1767; 1 25 W. 
1758; 0 25W. 

0 47 

Bantam: 

Saris 

0 20 S. 

105 21 

1619; 3 0W. 


0 43 

Palambangan : 

Davis 

6 31 S. 

105 55 

1605; 3 20 W. 

, 

0 59 

Prince’s Island: 

j Wallis 
( Co ole 

0 36 S. 

105 17 

• 

1767; 1 0W. 
1780; 0 54 W. 

0 42 

Madtax Island: 

Cartaret 

7 7 S. 

112 49 


1768; 0 30 W. 

0 34 

Bontani, on Ce- 







lebes : 

Cartaret 

5 30 S. 

117 45 


1767; 1 16 W. 

0 48 

Doa, Molukka: 

Saris 

2 S. 

126 

1613; 5 20 E. 




As some of the most characteristic features, we may mention that, in the be- 
ginning of 1600, the line of 16® to 17° westerly decimation had a position nearly 
coinciding with that of the line of 0° declination in 1856; in 1800 the declination 
had already decreased to 3° to 4° west. The northern parts show oscillations of the 
lines much greater than the southern ones in 1800; the line of no declination passes 
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in. its northern part through Ohandernagor, and assumes in its southern part, near 
Java, Flores, and Timor, a position that it has kept with very little alteration for 
the last fifty years. 


b. Dip on the Coasts of India, and in the Indian Archipelago, from 1768 to 1793. 




Latitude 

Longitude 
East Green. 

Dip, 

. 

Statiofi and Observer. 

North 
and South. 

18th Century. 

Elliot and Sclilagintweit, 
*1848 to 1856. 

Ktf chin : 

Le Valois 

9 58 N. 

O 7 

76 14 

1786; 10 15 

o / 

0 0 

Madras: 

Abercrombie 

13 4N. 

80 14 

1775; 5 5 N. 

7 53 N. 

Txinkomalr. 

Panton 

8 42 N. 

81 9 

1776; .4 37 S. 

2 40 S. 

SuncLa Strait: 

Eheberg 

6 15 S. 

105 0 

1770; 27 30 S. 

' 27 4 S. 

Surrobaya, in J ava : 

Dentreastemx 

■ 7 14 S. 

112 39 

1793; 25 40 S. 

28 30 S. 

Prince’s Island: 

Cook 

6 36 S. 

105 17 

1780; 28 15 S. 

27 OS. 

Pulo Penang: 

Le Qentil 

5 26 N. 

100 25 

1768; 6 22 N. 

4 50 N. 

Pulo Kondor: 

Cook 

8 40 K. 

106 19 

1780; 2 IN. 

1 58 N. 


The data for this element are still less complete for remote periods, but it is 
evident, nevertheless, as a general result, that within nearly a century the magnetic 
equator, and the lines to both sides of it, have shifted their position considerably to 
the south. 

B. CONSTRUCTION AND EXPLANATION OF THE 

MAGNETIC MAPS. 

The maps, which form the basis of the various systems of magnetic declinations, 
are drawn in Mercator’s projection, on a scale of 1 to 8,000,000; for the equator, 
the variation of the scale with latitude is added in a special diagram. 1 The river 
system and the mountain ranges, particularly in the northern parts, presented many 
novel features,® but in consequence of the size of the scale employed, we deemed it 
inexpedient to give more than the most predominant orographical characteristics, 

1 About the longitude of Madras == 80° 13' 56" East Green., see p. 127. 

a We allude more especially to the fact of the Karakorum being the principal chain, and its northern drainage 
intersecting the Kuenliien, also to the well defined form of Tibet, as a longitudinal valley, and to the routes and 
river system in the north-western part of our route map. ’ 
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' as too many details would otherwise have interfered 'with the distinctness of the 
river system and the objects of the physical geography represented. The descriptive 
geography of the countries visited by us, and more particularly that of the regions 
of High Asia, will be given in Vols. II. and III., and will form the object of various 
detailed maps. 

The construction of the lines of equal declination and dip presented no particular 
difficulties; the deviations also were in general neither great nor numerous. The 
isodynamic lines required a more detailed calculation. 

1. Map of Isogonic Lines, 

The map contains the lines from 10' to 10', and the names of all our stations, 
together with the values obtained ; the stations, also, for which previous determinations 
of declination (though of variable scientific value) could he collected, 1 are marked hy 
red rings. 

Besides, the map contains: 

a. Three diagrams to illustrate the secular changes for India and the Indian Archi- 
pelago from 1000 to 1800. 

b. A reduction of Captain Elliot’s chart of the Indian Archipelago, 1845 to 1840. 

c. General Sabine’s chart of the isogonic linos of the globe, reduced from the 
recent Admiralty edition, which has been most carefully revised under the 
superintendance of Mr. Evans. 8 This chart shows at the same time the four 
general groups formed by these lines, in consequence of their being gathered 
round two poles in the northern, and two poles in the southern hemisphere. 
(The lines also of total intensity, differing from those of the dip, show four 
corresponding maxima of the forces.) 

2. Map of Isoclinal Lines. 

The isoclinal lines are given for every degree of dip, from 10° S. to 55° N. The 
various points of the lines are deduced chiefly from those neighbouring stations which 
are nearest in value to the number sought for. This we have done in order to get 
the lines as much as possible directly defined. 

1 They are given pp. 407 to 470. 

2 Mr. Evans added in his map, on a smaller scale, the probable annual variation of the declination, hut the 
numbers so carefully collected by him art* not sufficient ns yet to show distinct general laws. 
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In combining the observations of the dip for deducing the position, mean direction, 
and mean relative distance of the isoclinal lines, we employed the following method, 
which is the one now generally in use . 1 

If $ = the dip at the central position, u = the angle of the isoclinal line with 
the meridian, r = a constant, representing the rate of increase perpendicular to the 
isoclinal line, and if we put: 

r cos u = x 

. r sin « = y, 

we may make equations of condition of the form: 

ax + by = Sr — y, 

where a and b are co-ordinates of distance in longitude and latitude of the several 
stations from the mean, expressed in miles, y the inclination at these several stations, 
and ^ the mean dip. 

For constructing the isoclinal lines, we have, in addition to the direct observations, 
based our calculations upon the following groups: 


Groups. 

Mean Dip. 

Mean Longitude 
East Green. 

Mean Latitude 
North. 

Stations, referred to 

I. 

O / 

0 0 

O / 

79 40 

o / 

9 50 

Madras, Galle. 

n. 

1 0 

79 50 

10 10 

Madras, Utatur, Galle. 

hi. 

9 18 

78 0 

14 0 j 

Bellari, Madras, Utatur, Ka- 
ladghi. 

IV. 

16 30 

78 30 

17 10 | 

Kaladghi, Bellari, Nagri, Ra- 
jamandri. 

V. 

18 50 

76 0 

18 30 

Kaladghi, Bombay, Nagri. 

VI. 

30 10 

89 20 

23 20 j 

Calcutta, Kulna, Dhaka, Rampur, 
Bolea. 

VII. 

30 20 

80 40 

24 10 

Jablpur, S£ger, Benares. 

VIII. 

35 30 

72 40 

27 30 

[ D^ra Ismael Khan, Labor, Bom- 
( bay. 

IX. 

38 40 

84 10 

28 50 

( Narigun, Darjiling, Kathmandu, 

( Nainitdl, Milum, Mana. 

X. 

41 30 

74 30 

30 30 

( D^ra Ismael Khan, Labor, Bom- 


( bay. 


It will be seen that irregular stations, such as Utakam&od, and Mahabaleshvar, have 
been excluded, in order that they may not interfere with the general means. In the 

1 It had been also employed by Captain Elliot, in his survey of the Indian Archipelago. 
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"Western Himalaya the stations were numerous enough to deduce the lines as imme- 
diate result, without adding means, calculated for general groups. 

The isoclinal map contains, besides our own stations and lines : 

a. A diagram of the zone, surrounding the magnetic equator, as deduced from 
earlier observations, referred to 1700. 

b. A reduction of the Indian Archipelago, in which we give the values obtained 
by Captain Elliot. 

c. A sketch of the 'isoclinal lines on the surface of the earth, which have been 
transferred on a chart of smaller scale from General Sabine’s map, contained in 
plate 23 of Johnston’s Physical Atlas. 

As the space does not allow of the projection of the polar part being separately 
added, it should be remembered that there are but two points of 90° inclination, one 
northern and one southern, occasionally called poles, though in a different sense 
from the ordinary one 1 ; — poles in the usual signification of the word being intended 
to express “points of greatest attraction ” (Halley) = “ maxima of force ” (Sabine). 

3. Map of Isodynamic Lines. 

Our map contains the isodynamic lines of total intensity from O' 25 to O’ 25 
English units, referred to seconds of time and English measure of length and weight. 
The calculation of the points for the construction of the isodynamic lines has been 
based upon the same principle as the method above detailed for the isoclinal lines, 
but with this modification, that the values of such points only were sought for, which 
lay in the same longitude as the original stations. The map shows, moreover, the 
stations which we considered to be the leading ones. The results deduced are connected 
with the stations by dotted lines; the complicated question of the general form and 
direction of the isodynamic lines being thus rendered, as much as possible, an inde- 
pendent determination. 

Spaces which fall below the average are marked by oblique lines of a blue colour, 
falling from right to left; those spaces, or single observations, exceeding the respective 
average, are marked by oblique lines of a red colour falling from left to right. 

1 See “Gauss’ Allgemeine Theorie des Erdmagnetismus.” Leipzig, 1839. 

2 As shown by the detail referring to the instruments, observers, &c., which is given for each station in Section V., 
it so happens, that in the far extended space, where we found the remarkable depression of total intensity, instru- 
ments and observers are both so varied and unconnected, as to exclude any fear of a general personal or instru 
mental error. 


I. 


61 
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Besides our own stations of total intensity the map contains: 

a. . A. diagram of our observations of horizontal intensity. This sketch gives the 

results of the absolute determinations at the different stations, and some of the 
principal general lines, amongst which we particularly mention the dotted line 
of maximum horizontal, intensity (but with variable absolute value), and the 
space of maximum horizontal intensity. • It will be found, that we have most 
carefully excluded from the general consideration every station which presented 
a more than usual increase in these regions. A special diagram for the vertical 
intensity appeared unnecessary, as the form of these lines was found to differ 
but very little from the isogonic lines. 

b. A diagram, on a reduced scale, of Captain Elliot’s Survey in the Indian Archi- 
pelago, with the isodynamic lines of total and horizontal intensity. 

c. Eor comparison, we have added a reduction of General Sabine’s chart of the 
isodynamic lines from plate 23 of Johnston’s Physical Atlas. 

C. RESULTS DEDUCED FROM THE ABSOLUTE DETERMINATIONS 

OF THE MAGNETIC ELEMENTS. 

The results of the astronomical determinations, made in immediate connection with the magnetic 
observations, are given pp. 270 to 273. In pointing out in this place the principal features of the 
magnetic curves, we refer to our magnetic maps. 

I. Declination. 

1. The line of no declination passes close to the north-western mouth of the 
Indus, and, in its southerly direction, runs nearly parallel to the western shore of 
India, at an average distance of 2Va° of longitude. It keeps this direction as far 
south as the Indian Archipelago, where it takes a decided easterly turn. 

2. Local disturbances were comparatively rare, and, with few exceptions, extremely 
limited in their extent; on all occasions observed, they were manifestly connected 
with the condition of the soil, or the rocks on the surface. When rocks showed 
signs of a polar magnetic nature, the poles were generally found to coincide with 
natural points and edges, formed by the intersection of joints or surfaces connected 
with the mechanical structure of the rocks. The traps of the Dekhan, the crystalline 
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rocks of the Parisnath in Bengal, the granites of the Khassia Hills and of the eastern 
Himalaya, and the eruptive masses south of the Kuenluen, presented many instances 
of such coincidence. The special researches on the magnetic conditions of these rocks 
(which, with proper care, could be avoided in the selection of our stations for absolute 
determinations) will be given later, in Vol. VI., Geology. 

As examples, we may refer to some small, but not unfrequent disturbances in the 
environs of the magnetic equator, and other greater ones at the Kulong rock, near 
Nanklau in the Khassia Hills, amounting to 6° of difference from the otherwise 
probable value. 1 

3. As deviations of a more general character we mention: 

a. Assam on both sides of the Brahmaputra river; the declination being here 
considerably less to the east than might bo expected by the general form of the iso- 
gonic lines. 

b. A zone of attraction of very little breadth, which seems to coincide with a 
small ridge of granites at the base of the Bhutan Himalaya.. At least, already at 
Harigun (Lat. N. 20° 53' 50", Long. E. Gr. 92° (>' 0"), this zone is crossed, and the 
declination is there found to be too much to the east. 

c. The line of 2° 30" also seems to present some irregularity, when continued 

to the valley of the Iiuvadi. At Utakain&nd, in the Nilgiris (Lat. N. 11° 23' 40", 

Long. E. Gr. 70° 43' 10"), the declination is about 20' too much to the east. 

4. The zone of most rapid increase of declination is found between Lat. N. 29° 

to 34° and Long. E. Gr. 80° to 71°. The circumstance, that the central mass of the 

mountain systems of the Himalaya, Karakorum, and Kuenluen has a position, which 
as such may have an influence upon this deviation, seems not unconnected with such 
an irregularity, and this is corroborated by the declination increasing in general 
very little, when we approach at a corresponding distance the eastern end of the 
Himalaya. 2 

5. In the Karakorum and Kuenluen, for which no neighbouring places formerly 

1 An apparent disturbance at Cherra Punji, mentioned in our official Report No. 4, Dec. 19, 186&, disappeared 
altogether when the true meridian was ro-ealeulated by the strict formulas. 

The proceedings of the TrivandriSm Museum Society, Dec. 1855, contain, a very interesting paper: “Experiments 
on. the Magnetic Rock of Naiman Hill, or Mukunumdlli”, by Mr. J. A. Broun, to which we Bhall have occasion 
again to refer in Vol. VI., Geology. 

3 We add, that we are well aware that the Alps, so considerably smaller in extent, breadth, and elevation, 
than the vast mountain ranges of High Asia, do not show any well defined influence of a similar kind. 

61 * 



484 -t . ] , MAGNETIC OBSERVATIONS. 

allowed of an approximate estimation, we find the easterly declination somewhat 
greater than has hitherto been laid down on general magnetic maps. 

II. Dir. 1 

1. All India Proper is included within the zone of rapid increase of dip with 
the latitude, which more or less follows the magnetic equator all round the earth. 
Though in latitudes of about 15° to 25° Forth we find the dip somewhat smaller than 
had generally been calculated, in higher latitudes our lines seem to reach the values 
deduced from general calculations. We find the zone of rapid increase rather broader 
than it was formerly supposed to be. 

The magnetic equator showB a decided, but ■ very small, curvature to the north 
above Ceylon. It seems to have become a little more northerly since Captain Elliot’s 
determinations. 

2. The isoclinal lines, comparatively speaking, represent in India the most regular 
of the three elements, in' reference to their general form; their mutual distance varies 
but very little, as is' shown by the map, and the more so when it is remembered 
that the employment of Mercator’s projection necessarily makes the distances appear 
a little greater in the higher latitudes. 

3. The peculiar modification, which we shall hereafter have to point out for the 
total intensity, is not represented by the isoclinal lines in Southern and Central India; 
but the depression along the foot of the Himalaya, particularly in its eastern part, also 
occurs on the isoclinal lines, though to a much smaller extent. 

Gherra Punji and Mahabaleshvar seem to be local irregularities for themselves; 
it is perhaps worthy of note that these two stations are, at the same time, regions of 
extreme precipitation of rain. 

The increase of intensity north of Simla seems equally to be represented for 
the dip by a few . stations, amongst which we chiefly name Sultanpur and Yangtn 
Bridge; but the differences are much smaller than they will be seen to be for the 
total intensity. Whilst there they exceed values, corresponding to 10° of latitude, 
the following are the deviations 'from the average values, if we calculate the dip in 
round numbers corresponding to the single stations. We exclude from this table 
differences not reaching 10', as they are comparatively not of sufficient importance. 

1 Compare the remarks on the vertical intensity, p. 488. 
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Station. 

Observed 

Dip. 

Dip deduced, for the 
same Latitude and 
Longitude, from the 
General Form of the 
respective Isoclinal 
Curve. 

Difference 

in 

Dip. 

Corresponding 
to a*Differenoe 
in Latitude. 

Narigun 

o / 

O / 

/ 

/ 

37 8 

37 30 

— 22 

n 

Darjiling 

36 33 

37 5 

— 32 

16 

Tonglo 

36 25 

37 2 

— 37 

• 18 

FfiMt 

36 55 

37 10 

— 15 

8 

Nainital 

38 34 

38 50 

— 16 

9 

Cherra Punji . . . 

33 37 

34 6 

— 29 

15 

Mahabaleshvar . . 

16 26 

17 2 

— 36 

15- 

Sultanpur 

43 52 

43 16 

+ 36 

10 

Vangtu Bridge . . 

43 23 

42 50 

+ 33 

9 


4. An influence of height does not become apparent within 2' or 3' 1 , but such 
values must be considered as hardly within the limits of absolute determination with 
the instruments now in use, though the direct readings with Dr. Lloyd’s excellent dip 
circles, which we had with us, are considerably more minute. 

5. In reference to small local deviations, we found them not unfrequent, parti- 
cularly when the dip circle itself was put on the ground for the purpose of ascer- 
taining the existence, or amount, of Buch local influence. But detailed experiments, 
made in the environs of Simla, at Dounton, as well as in several localities in the 
trap districts of the Dekhan, showed that this influence is in general so weak, that 
it disappears altogether if the instrument is placed upon its regular stand, instead of 
the ground itself. 1 

III. Total Intensity. 

This element has presented most unexpected results, which, we think, may not 
be without interest in theoretical considerations of terrestrial magnetism. 

1. Prom the Arabian Sea down to the Indian Archipelago, the isodynamic lines 

1 Such experiments are easily made in localities ■which contain rocks in situ, and thick alluvial deposits, at not 
too great a distance from each other* 
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of total intensity have a mean easterly course, with a slight divergence to the south. 
But the lines, when passing over the interior of the Indian peninsula, present two 
marked modifications. 

The first modification that occurs, is the existence of a region in Central India 
of great relative increase, including, amongst other stations, Jablpur, 1 Nagri, and 
Bellari, down to Utakam&nd. But even if, for the construction of the general isody- 
namic lines, we do not directly include these places (considering them as exceptionally 
anomalous), the lines yet continue to show a most decided inflexion to the south, which, 
as far as we know, has never been preceded by a similar phenomenon extending over 
so large a surface, and being at the same time so well defined in its limits. 

In consequence of the special interest taken by our late friend Baron Humboldt 
in this unexpected result, we communicated it soon after our return to the meeting 
of the British Association at Dublin, and to the French Academy at Paris. 8 We 
are able to add now, as another very important fact corroborating our observations, 
that Mr. J. A. Broun, the director of the observatory at Travankor, has since also 
obtained, quite independently of our own observations, intensities all along the western 
coast and in the south of India, which perfectly agree with the general form of the 
isodynamic lines mentioned above. 8 

The second modification is that, for the whole length of the southern border of 
the Himalaya, and particularly in its eastern parts, there exists a longitudinal zone 
of variable breadth, where the total intensity is decidedly too low, and to an amount 
which, under ordinary circumstances, would correspond in many cases to a difference 
of latitude 4 exceeding 10°. This zone also includes, in its easterly part, a small region 
of Bengal and Hindostan; in its western part it seems to extend into the higher 
regions of the mountains beyond Srin&gger; a similar depression is also met with in 
the environs of Leh and the lake Tsomognalarl. 

2. These facts, we feel, are extremely difficult to be explained. If, from the com- 
paratively few data before us — few particularly in so far as they are limited to one 

1 Gvalior also seems to have the intensity comparatively greater; our short stay, however, prevented us from 
making a determination of its absolute value. 

2 See Comptes rendus, Tome 45, Stance du 12 Octobre, 1857. 

* See Mr. Broun’s communications to the French Academy, in LTnstitut, February 2, 1859, and his reports to 
the British Association at Oxford, June, 1860. 

4 The relative amount of disturbances can best be compared, if we consider the difference of latitude, which, 
within the regions examined, would correspond to a similar effect. 
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tropical country only — we are allowed to offer an explanation, we may direct 
attention principally to the following circumstances. 

The powerful action of a tropical insolation considerably modifies the physical 
and magnetic conditions of the soil, particularly of the clayey strata, which Cover, in 
variable thickness, such extensive tracts in Central India. By the influence, of the 
insolation, these strata undergo decided changes, which, though very much less in 
amount, are similar to those which are observable between clay and burnt bricks . 1 

The extent of this disturbing cause, together with its vicinity to the surface, 
seems sensibly and uniformly to increase the magnetic intensity in these regions . 2 * * * * * 
This opinion is perhaps supported by the circumstance, that the sub-tropical region of 
excessive rain, great humidity of the ground, and much more limited direct insolation, 
presents itself, on the contrary, as a zone of relative decrease of magnetic intensity. 
Though an increase of temperature would, as such, rather tend to produce a decrease 
of magne tism , 8 the modification of the isodynamic lines under consideration are con- 
nected but indirectly with the action of the sun, being dependent upon permanent 
alterations gradually produced in the physical nature of the soil. At the same time, 
there are few exclusively tropical countries which, by their size and configuration, are 
so well adapted to make apparent the influence of a large surface of tropical soil in 
contrast to oceans surrounding it. The circumstance, that , the forms are not quite 
dissimilar to the modifications of the isothermal lines in India, can in general be 
considered only as one of the many instances of apparently accidental coincidence in 
nature. 

If, instead of the resulting total intensity, we consider the horizontal and vertical 
intensity separately, we may mention particularly the following details: 

1 In reference to the magnetic action of the clay we often had occasion to make detailed, delicate experiments, 
the result of which will be given in Vol. VI. As mentioned above for the dip, the elevation of the instrument on 
its stand, and the selection of a convenient place, generally rendered insensible the action even of decidedly magnetic 
rocks, and on alluvial clayey soil, always easily excluded every fear of a purely local error, which, besides, could not 
have kept so uniform a value. 

2 It seems to be expected that, also in future periods, when isodynamio lines of another value xun over India, 

they will undergo a change, analogous to the present curves. Perhaps the accuracy of the instruments now in use 

will allow of looking out for similar facts, important for our views, at not too distant a time. 

8 See General Sabine’s interesting Address to the Belfast Meeting of the British Association, 1852, concerning 

the difference of the summary magnetic force for both hemispheres, compared for winter and summer, as well as 

the various fundamental researches of Professor Faraday on atmospheric magnetism. Philosophical Transactions, 

1850, §§. 2847 to 3069. See also Erman’s observations in the regions of extreme cold of northern Asia. 
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. 8. The horizontal intensity shows a line of maximum, but of a variable absolute value, . 
which passes through India from the north of the Delta of the Indus, via. Nagri, to 
Rajam&ndri. In the centre of India, we meet with' an elliptic space, exceeding 
8*8 Engl", units. As may be easily perceived from the formulae employed in calculating 
the total intensity, the existence of this space of maximum horizontal intensity is in 
immediate connection with the remarkable curvature of the isodynamic lines of total 
intensity. 

In the southern part of India, particularly along the western coast south of 
Bombay, the horizontal intensity seems to vary but very little; and this is, at the 
same time, the region which most decidedly shows, that there may exist a disagreement 
between the modification of horizontal and vertical intensity. The principal features, 
and the values obtained by the direct observations are given in a separate diagram 
on the intensity-map. 

4. The vertical intensity varies, in the regions examined by us, in great analogy 
with the isoclinal lines. This can be easily seen, when the values of the vertical 
intensity, as given at the single stations themselves, are compared with those of the 
dip. 1 We, therefore, give no special diagram for this element. 

a. On an average the vertical intensity varies from Madras up to the Kuenluen 
about '0*4 EngL units in the degree of latitude; in the more southern parts this 
value becomes rather greater; by this it differs from the type of the isoclinal lines, 
as also particularly by its changing very little in the region north and south of the 
minimum of vertical intensity (from Madras to Gfalle). 

1. The curvature of the isodynamic lines for the total intensity in the central 
and southern parts of India is not found to correspond to a sensible curvature of the 
lines of Vertical intensity. The apparently loose connection of the modifications of 
the vertical intensity with those of the total becomes less unexpected, when we keep 
in mind that the absolute values of the vertical intensity are here still very small, 
whilst the horizontal intensity is about at its maximum 

We give as example the values of vertical and total intensity for some stations 
of about equal latitude, selected from the very regions where the peculiar modification 
of the total intensity is the most apparent. 

1 See the General Table of the magnetic elements, pp. 459 to 463. 
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Station. 

Latitude K. 

Long.E.Gr 

Vertical Intensity, 

Total Intensity 



O / 

O I 


Engl. Units. 

Bngl. Units. 

I. 

( Bellari . 

15 9 

76 54 

observed . . . . . . . 

1-838 

8-834 

Goa . . . 

15 25 

73 46 

calculated from Bombay and Madras 

1-850 

8-824 

II. 

1 Nagri . . 

20 25 

78 53 

observed 

3-634 

9-367 

( Surat . • 

21 6 

72 57 

calculated from Bombay and Bhuj . 

3-640 

9-346 


( Bhuj . . 

23 17 

69 40 

observed . . . . 

4-335 

9-109 

HI. 

< Jablpur . 

23 10 

79 56 

observed 

4-711 

9-863 


\ Calcutta 

22 33 

88 21 

observed . 

4-315 

9-113 


c. As we proceed farther to the D.orth, we also find (similar to what may he ob- 
served in Europe) that the horizontal and vertical intensity both show more analogous 
regions of relative increase or decrease. For the vertical intensity we particularise : a de- 
crease in a zone along the outer regions of the eastern Himalaya, as also in a narrow zone 
from Leh to Kashmir ; an increase in a nearly vertical region from G&rhval to Lah61. 

5. The line of minim um total intensity of 7-5 Engl, units in the regions examined by 
us, nearly coincides, in form and value, with the line of absolute minimum total intensity, 
and on an average, we found that for India (south of the Himalaya, from 15° to 30° of 
latitude) an increase in latitude of 36' to 37' corresponds to an increase in total in- 
tensity of 0-10 Engl, units. 

The region of the Himalaya has a more rapid increase, particularly in the 
direction from Nainital to Kardong. For the irregularities east of Leh and south 
of Kardong, we cannot find either a general or a local cause. 

6. The influence of height on the total intensity of terrestrial magnetism seems 
to be scarcely appreciable. Our observations agree in this regard with the results 
obtained in other parts of the globe by most of the preceding observers, and also 
especially with those of Lamont. 2 Besides, even in the Himalaya, it is of much rarer 
occurrence than might be supposed, that great differences of heights present them- 

1 This line is the same to which the name of dynamic equator” has sometimes been given, feir James Ross, 
who first defined it in the southern hemisphere, called it lt Equator of less Intensity”. See his iC Voyage to the 
Southern and Antarctic Regions”, Yol. I, p. 22. 

2 According to previous observations made by Director Kreil, the Alps seem to have an appreciable influence 
on magnetic intensity. See u Kreil’ s Magnetische Ortsbestimmungen im Oesterreichischen Kaiserstaat.” But Lamont’s 
observations in the Alps (Magnetische Ortsbestimmungen in Bayern, &c.) do not show the existence of any such 
influence; he is of opinion that on former occasions the torsion probably had not been determined with sufficient 
accuracy. Some data, which, however, leave this question undecided, will be found collected in Humboldt’s 
Cosmos, Yol. IY., p. 110, and in Bravais’ u Sur 1’intensite du magnetisme terrestre, en France, en Suisse, et en Savoie.” 
Annales de Chimie, 3me Sdrie, Tome XVIII., 1856. 
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selves without being modified by a considerable horizontal distance intervening. 1 Though 
our highest stations exceed an elevation of 18,000 feet above the sea, and though, also 
the relative height (as seen in the table, pp. 459 to 463), between many of our stations 
is rather considerable, we had but very seldom to observe a weak, indistinctly defined 
increase of the total intensity in heights from 10,000 to 12,000 feet. We quote as 
an example, Tonglo and F&lut, on the Singhalila ridge, compared with Darjiling and 
Eangit ; and Kardong and Usilla, compared with Simla. 

7. Finally, in reference to the connection of the territories we have examined 
with the general distribution of intensity over the globe, we may mention, as par- 
ticularly important for us, that our most northern stations, the Karakorum pass and 
A Sumgal, perfectly agree with the average values of total intensity that might have 
been expected for these regions. 

At the conclusion of this part of our work, it is impossible for us not to feel, 
that our researches — notwithstanding the great extent of the area, over which they 
have been carried on — must be considered as but a very modest contribution to ter- 
restrial magnetism, a science to which have been devoted the successful labours of 
the many eminent natural philosophers, whose names we have repeatedly had occasion 
to mention. Yet perhaps we may be allowed to quote, at least with reference to the 
geographical position of the territories examined, the encouraging words of the celebrated 
Gauss: “Every new station will have for the general theory an importance proportionate, 
in great measure, to its distance from those we actually possess.” 

1 Even in the central parts of High Asia, particularly in Tibet, where the average height of the valleys is very 
great, a well defined form, of plateaux is much rarer than had often been expected. Tho territories between the 
Karakorum and the Kuenluen, especially near the western end of the Kuenluen, are those, which in the first line 
must be named as well defined plateaux of extraordinary height, a form, which is not the predominant feature of 
the topographical character of these countries in general. The extent of High Asia, the region of the greatest 
elevations, eb well in the form of peaks and high valleys, as occasionally of plateaux, can he defined in its large* 
features, as being limited: to the north by the depression south of the Sayan Shan and its eastern continuations; 
to the east by the river systems, discharging themselves into the Indo-Chinese peninsula; to the south by the northern 
plains of India; and to the west by Badakhshan and Kabul. 
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INDEX TO VOLUME I, 


In order to facilitate the use of the Index, it has been as much condensed as was possible, geographical names 
being excluded when occuring only in connection with the routes or the details of the magnetic observations. 


Accents used for transcription, 70. 

Account, historical, of the authors’ mission, 6. 

Adams, Lieutenant, assistant to Hermann, 15, 20, 21, 30. , 

, continues the observations after Hermann’s departure, 

36. 

Allens Indian mail, 110. 

Alphabet used fpr transcription, 69. 

Alphabetic registers, order of, 70. 

Arrowsmitli, Mr., map of Kashmir, the Panjab, &c., 270. 
Assistants, continue their observations till March, 1858, 6. 
, list of, 36—37. 

Astronomical determinations of latitudes and longitudes, 
introductory calculations, 77 — 83. 

results, 270—273. 

Astronomical stations, list of, 459 — 463. 

Bahinet, Mr., on magnetism, 474. 

Barometers, see Instruments. 

Bedford, survey of Upper Assam, 129. 

Blosseville, de, magnetic observations in 1833, 469. 
Boileau, General, his former observatory at Simla, 204, 296. 

, astronomical, meteorological, and magnetical tables, 77. 

Boileau, Lieutenant, determination of declination in Raj vara, 
471. 

Bowring, Private Secretary to Lord Canning, 45. 

Bravais, Mr., sur l’intensite du magnetism e terrestre, 489. 
Brennand, Mr., determinations of latitude at Dhaka, 145. 
Broun, Mr., communications to the French Academy, and 
the British Association, 486. 

, dip at Trivandram, 468. 

Bruce, Mr., discovery of tea, growing wild in Assam, 130. 
Budberg, Baron, Russian Minister at Berlin, 44, 56, 57. 
Buist, LL. D., 8. 

Bullock train, description of, 15. 

. Bunsen, Baron, Prussian minister at London, 5. 


Byng, Honble, Captain, killed, during the Indian rebellion, 
140. 

Caldecott, magnetic observations in Southern India, 472, 473. 

Camels, Bactrian, brought to Europe by the authors, 25. 

Campbell, Dr., Political Agent at Sikkim, 16, 188. 

Canning, Earl of, 6. 

Cautley, Sir Proby, 8. 

Cetto, Baron,' Bavarian Minister at London, 5. 

Chronometers used by the authors, 95. 

— — , rates of, 96 — 108. 

, table of rates, 109. 

Circum-meridian altitudes, method of calculating them, 91. 

, example, 92. 

Climate, general remarks upon, for Assdm, 20-for BAlti, 
24 -for Bengal, 14, 15, 19 -for Central India, 22— for 
the Dekhan, 13— for Gnari Khorsum, 18— for Kam&on, 
17— for Kashm ir, 28— for the KMssia Hills, 20— for the 
Kuenliien, 25 -for Lad&k, 23-for Lower Sindh, 31- 
for Nepal, 29— for Sikkim, 16. 

Collections formed hy the authors, 9— Botanical, 9— Eth- 
nographical (articles of native dress, skulls, photographs, 
casts of heads), 9-Geological, 9— Zoological, 9. 

Collimators used, 275. 

Collimator-box, its combination with the theodolite,. 276. 

Congreve, Lieutenant, accompanying Hermann in Sikkim, 16. 

Consonants, pronunciation, 70. 

, transcription, 68. 

Corresponding altitudes, method of calculating them, 89. 

, example, 90. 

Court of Directors of the East India Company, 5, 474. 

Crommelin, Major, Map of Sikkim, 270. 

Cunningham, Major, 8. 

j magnetic observations in Ladak and Spin, 473. 

Cyannometer, rotatory, used for physical observations, 118. 



492 


INDEX TO VOLUME I. 


Cylindrical needles for daily variation, 280. 

Dak carriage, explication of, 14. 

Dalhousie, Marquis of, 6. 

Declination, general results, 482. 

, historical data for secular change, 474. 

/method of calculation, 280. 

Declinometers used, 275. 

Deflecting apparatus, 288—288. 

Deflection, see horizontal intensity. 

Determination of the magnetic elements, method of, 275. 
Dip, example of calculation, 298, 299. 

, general results of, 484. 

Dip circles, 293. 

Dip needles, comparison of, 296—298. 

Diphthongs, pronunciation and transcription, 67. 

Drawings of the authors, 9. 

Drummond lights for longitudes, 119. 

Eastwick, Mr., 8. 

East India Company’s Merchantman, 474. 

Eclipse of the moon, used for calculation of the longitude, 
113. 

, example, 114—117. 

■ , physical remarks upon, 117—119. 

Edwardes, Lieutenant Colonel, inquiring on Adolphe’s fate, 
45, 58,62. 

Elliot, Captain, 5, 289, 298. 

— — , survey of the Indian Archipelago, 463. 

Elliot, Honourable, Madras, 6, 45. 

Elphinstone, Lord, 6, 45. 

Equations of condition, method of, 119. 

, example, 123 — 125. 

Erman, Professor, magnetic observations, 487. 
Establishment of the authors, 36—42. 

Ethnographical collections formed by the authors, 9. 
Evans, Mr. 1 , 479. 

, chart of the curves of equal magnetic declination, 

280, 386. 

Everest, Colonel, Surveyor General of India, 8, 126. 
Falconer, Dr., 8, 

Fergusson, Lieutenant, Indian Navy, 183, 302. 

Frederick William IV., King of Prussia, 5. 

Gauss, 474. 

Gerard, 8. 

GortchakofT, Prince, 45, 57. 

Great Trigonometrical Survey of India, important operations, 
126, 127, 270, 271. 

Griffith, 8. 

Grote, Mr., 147. 

Gubbins, Mr., 153. 


Gumpert, Consul for Hamburgh and Oldenburgh at Bom- 
bay, 45. 

Halley, map of isogonic lines, 280, 481. 

Hansteen, 474. 

Harris, Lord, 6. 

Hay, Lord William, 45, 59, 204. 

Heliotropes, for the determination of longitude, 119. 
Herbarium collected by the authors, 9. 

Herschel, Mr., 148. 

Heyde, Kev. Mr., Missionary at Lah®, 206. ' 

High Asia, its geographical definition, 490. 

Him&laya, intersected by the drainage of the .Karakorum, 
not of the Kuenluen, 271. 

Hodgson, late Surveyor General, 8, 128, 469, 470. 

Hodgson, Mr., 29. 

Holmes, Major, killed during the Indian rebellion, 29, 151- 
Hooker, Dr., 16, 151, 188, 270. 

Horizontallntensity, formulae for calculating, 281—288. 

, example, 290—291. 

, general results, 488. 

1 Hiigel, Baron, map of Kashmir, 270. 

Humboldt, Baron, 5, 45, 269, 271, 474, 489. 

Indian Navy, determinations of declination from 1834-49, 
467. 

Indigo, growing in Assam, 130. 

Inertia Tings for the magnets, 285. 

Insolation, tropical, its influence on magnetism, 487. 

, dangerous during observations, 76. 

Instruments, mode of carrying, 12— mode of packing, 7G 
—for determination of magnetic declination, 275— Theo- 
dolites: 1) Jones, 73—2) Jones, 74—3) Troughton, 74— 
4) Pistor, 75 — 5) Ertel, 75 — Meteorological, 76-- Baro- 
meters, 76— screws loosened by shaking, 7(>. 
Interpolation, method of, for astronomical determinations, 
79. 

, example, 80. 

Interpreters employed, list of, 38—40. 

Isoclinal lines, maps of; their construction, 479. 

Isodynamic lines, maps of, their construction, 48 L. 

Isogonic lines, maps of, their construction, 479. 

, Halley’s first maps, 280. 

Itinerary, 11—35. 

Jacob, Colonel, Government Astronomer atMudras, 183, 391 
Jacquemont, map of Kashmir, 271. 

Jaschke, Kev. Mr., Missionary at Label, inquiring on 
Adolphe’s fate, 45, 47, 48, 65, 206. 

Karakorum, the authors proceed as the first to the north of it, 
25— Dr. Thomson first reaches its creBt, 25— Principal 
watershed of High Asia, 25. . 



INDEX TO VOLUME I. ■- 


493 


Karakorum, mean directions, 259— meaning of, 259. 
Klaproth, map of Central Asia, 269, 271. 

Knox, Assistant Commissioner, reports on the fate of 
Adolphe, 44, 52, 54. 

Kreil, Professor, magnetic observations, 489. 

Kuenluen, first crossed by the authors, 25 — intersected by 
the drainage of the Karakorum, 27 1. 

Lambton, Surveyor General of India, 126. 

Lamont, Professor, universal magnetometer, 279. 

Latham, Dr., 8. 

Latitude, methods of calculation, from observations of stars, 
83 — 84. 

, from observations of the sun, 84—94. 

, determined by equations of condition, 119—122. 

Latitudes and longitudes, general results of, 270—272. 
Lawrence, Mr., reports on the fate of Adolphe, 44, 52. 
Lawrence, Sir John, in the Panjab, 6, 32. 

Liehig, Baron George, 147. 

Linguistic experiments, 69. 

Linsser, Mr., 128. 

Lloyd, Dr., 300. 

, dip circles for determining total intensity, 300. 

Longitudes, methods of calculation, by chronometers, 95 
—109. 

, by celestial phenomena, 110—119. 

, by terrestrial signals, 119. 

, determinations by equations of condition, 125. 

Lunar distances used for calculating longitudes, 110. 

, example, 111 — 113. 

M‘Leod, Mr., 22. 

Magnets used, 285. 

, determination of the constants, 284—287. 

Magnetic equator, determined by Taylor and Caldecott, 472. 

, meridian, its determination, 275. 

needle in theodolite 3, Troughton, 275. 

observations at Bombay, general results of, 302—340. 

stations of the authors, list of, 459. 

— — survey of India one of the principal objects of the 
authors 5 researches in India, 5. 

elements, methods of determining them, 275— variation 

of, 361, 373—375, 387, 401—402, 423—425, 437—444. 
Magnetometer, universal, by Barrow, 278. 

Manuscripts of the authors, 8, 127. 

Maps of the authors, 9. 

, magnetic, their construction and explanation, 478. 

Marco Polo, visited Central Asia in the 13th Century, 25. 
Meridian, determination of, 94. 

Meteorological stations, 8. 

Mir Izzet tJllah, native servant of Moorcroft, his routes, 33. 


Moh&mmad Amin, the authors 5 chief guide, his routes, 35. 
Moment of inertia, 284. 7 

Montgomerie, Captain, measurement of the N&nga PSrbat, 
26. 

Moon’s eclipse, physical remarks upon, 117. 

Moorcroft, travels, 18. 

Murchison, Sir Roderick J., 5, 45. 

Murray, Captain, 286. 

Observers assisting the authors, list of, 36—38. 

Oldham, Professor, 8. 

Pagel, Rev. Mr., Missionary at Lah6l, 206. 

P&lki travelling, 14. 

Panoramas drawn, 9. 

Parallax, calculation of, 78. 

Penumbra of the earth, observed in the eclipse of the 
moon, 114. 

Phenomena, celestial, for the calculation of longitude, ill. 
Phonetic accents, 68. 

Photographs made by the authors, 9. ^ 

Plant collectors employed, 41. 

Plateaux, very rare in general, but of large extent be- 
tween the Karakorum and Kuenluen, 490. 

Pocket sextants, 75. 

Prinsep, 8. 

Prismatic compasses for determination of the declination, 
279. 

Publications, general prospectus, 7. 

, on the Alps, 118. 

Rain, excessive in the Khdssia Hills, 140. 

Ramsay, Major, 45. 

Ramsay, Colonel, Political Agent in Nepal, 29, 192. 
Refraction, calculation of, ’77. 

, example, 78. 

Reports published during the travels, 7. 

Riddle, Captain, magnetical instructions, 276. 

Ritter, Erdkunde von Asien, 37, 269. 

Royal Society accepts the dedication of the present volume, 

10 . 

Routes, 11 — 35. 

, area over which extended, 8. 

, total length of, 11. 

Ross, Sir James, 489. 

Russel, Mr., Special Correspondent of the Times, 45. 

Sabine, General, 5, 74, 474, 479. 

, on periodical laws of magnetism, 302. 

Schiller, Mr., Austrian Consul at Calcutta, inquiring on 
Adolphe’s fate, 45. 



494 INDEX T-0 YOLUME I. 


Schlagintweit, Adolphe, his last journeys, 32, 33. 

, reports on his de^fch, 43 — 65. 

Servants employed, 41. 

Sherwill, Captain, 270. 

Shooters employed, list of, 41. 

Sikkim, government, its hostile disposition, 16. 

Smyth, Captain, and ThnilKer, manual of surveying, 119,127. 
Spilsbury, Dr., visit to Amarkantak, 22. 

Stanley, Lord, Secretary of State for India, 7, 45. 

Stars, observations of, 83. 

, seen in the day time, 224. 

Strachey, Captain, and his brother, 8, 44, 45, 270. 

Sun, observations of, 84. 

Sykes, Colonel, 5, 8, 45. 

Taylor, magnetic observations in Southern India, 472, 
473. 

Telegraph signals, for the determination of longitude, 119. 
Theodolites, see Instruments. 

Thermometers, see Instruments. 

Thomson, Dr., journeys in Ladak, .147, 270. 

Thuillier, Major, Deputy Surveyor General of India, 6, 8, 
9, 147. 

, manual of surveying, 119, 126. 

Tibet, list of maps, 27. 

— — , defined as a longitudinal valley, 478. 

Torsion, formulse for, 283. 

Total intensity, general results, 485. 

, formulse for calculating the, 300. 

, example, 293. 

Traill, publications on Kum&on$ 17. 

Transcription of native languages, 66. 

Turner, account on Bhutan, 270. 


Unequal altitudes, methods of, 84. 

, example, 86—88. 

Universal magnetometer, 276. 

Yanrenen, Captain, 198. 

Vardouguine, Mr., Bussian Consul at Chuguchak, reports 
on the fate of Adolphe, 56 — 57. 

Yariation (not used in the sense of declination) of the 
magnetic elements, 361, 373 — 375. 

Yentz, Mr., Consul for Hamburgh, 295. 

Yenus seen in the day time, 225. 

Yertical intensity, formulae for calculating, 293, 300. 

— example, 293. 

— — general results, 487. 

Yibration, see Horizontal Intensity. 

Yibration apparatus, remarks on, 288. 

Yigne, Mr., 270. 

Yowels, pronunciation, 69. 

, transcription, 67. 

Walker, Mr., maps, 270. 

Watson, Dr., 9. 

Waugh, Colonel, 6, 9, 126, 270. 

Weber, Professor, 474. 

Wilcox, Mr., 129, 152. 

Wilson, 8. 

Withecombe, Dr., 189, 

Wood, Sir Charles, Address to, ft. 

Woodcock, Mr., 149. 

Worcester, Major, Government Astronomer at Madras, 1 83, 
386. 

Yaks in great heights, 218. 

Zoological collections, 9. 


Leipzig:— Printed by P. A. Brockhaus. 



LIST OF PREVIOUS PUBLICATIONS OF MESSRS. DE SCHLAGINTWEIT. 


A. BOOKS. 

1. UnterBuchiuigeu iiber die physisclie Geographic der Alpen in ihren Be- 

ziehungen zu den Phanoinen der Gletschor, zur Geologie, Meteorologie 
und Pflanzengeographie von Hermann • und Adolph Schlagintweit. Mit 
im Texte befindlichen Holzschnitten, Tafeln und Karten. Leipzig 1850, 

J. A. Barth Thlr. 12 = £ 1 10 s. 

(Researches on the physical geography of the Alps. Leipzig, 1850. 

Publisher: .1. A. Barth.) 

2. Neue Untersucliuugen iiber die physisclie Geographic und die Geologie 

der Alpen von Adolph und Hermann Schlagintweit. Mit einem Atlas 

von XXII Tafeln. Leipzig 1854, T. 0. Weigel Thlr. 22 = £ 8 6 s. 

(Now researches on the physical geography and geology of the Alps. 

With an Atlas. Leipzig, 1854. Publisher: T. 0. Weigel.) 

3. Epreuvos des Cartes geographiquos prodnitos par la photographic d’apres 

les reliefs du Monte Rosa et do la Zugspitze par Adolphe et Hermann 

Schlagintweit. Leipzig 1854, J. A. Barth Thlr. 4 = £•— 12 s. 

(Photographic maps taken from models of Monte Rosa and the Zug- 
spitze. Leipzig, 1854. Publisher: J. A. Barth.) 

B. PLASTIC PUBLICATIONS. 

1. Relief des Monte Rosa und seiner Urngolmngen. Naoh "den Karten, 

Profilon und landschaftliclven Ansichten von Adolph und Hermann 
Schlagintweit. Im Maasstabe von 1 : 50,000. Galvanisirter Zinkguss. 

Mit einem Iirliluterungsblatte in Royal Folio als Beilage. Leipzig 

1855, J. A. Barth . Thlr. 24 = £ 3 12 s. 

(Galvanized model of Monte Rosa and its environs. With a map. 

Leipzig, 1855. Publisher: J. A. Barth.) 

2. Relief der Gruppe der Zugspitze und des Wettersteines in den bayerischen 

Alpen. Nach mquidistanten Horizontalen aufgenommen und ausgefiihrt 
von Adolph und Hermann Schlagintweit. Im Maasstabe von 1 : 50,000. 

Galvanisirter Zinkguss. Mit einer geologischen Karte von Adolph 

Schlagintweit. Leipzig 1855, J. A. Barth . Thlr. 20 — Jt 3 Os. 

(Galvanized model of the Zugspitze and the Wetterstein, in the 
Bavarian Alps. With a geological map. Leipzig, 1855, J. A. Barth.) 



Metallic casts of Ethnographical Heads from India and High Asia, by 
Hermann, Adolphe and Robert de Sclilagintweit. This splendid 
collection, dedicated by permission to Her Majesty the Queen of 
England^ consists of 275 facial casts and 37 casts of hands and 
. feet, which have all been taken from living people. Publisher: J. A. 

Barth at Leipzig. Price of the entire series * Thlr. 2348 = £ 350 4 s. 

G. PHOTOGRAPHIC PUBLICATION. 

Stereoskopische Bilder nach den Schlagintweit’schen Reliefen daguereo- 
typirt imMaasstabe von 1 : 400,000 der Natur. a. Der Monte Rosa 
und seine TJmgebungen. 6. Gruppe der Zugspitze und des Wetter- 
steins. Leipzig 1855, J. A* Barth . . . Thlr. 3 =■- £ — 9 , 9 . 

(Stereoscopic views taken from plastic models; a. of Monte Rosa; 

6. of the Zugspitze. Leipzig, 1855, J. A. Barth, * * 



